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H#$%& (G *) *'*-+(G G#)' () &+($ (' +(G H#$%& (G %(H#)G'%$*'(G G#)' () %#$,(





¯ Ê )#$G (GG-­#)G .( %(H#)G'%$*%( $) H(%H+( - (H
T
H-"'($%G ®+( .(%)*(% H-"'($% Z'-)' H#)#).$ - (H +( "%(\ *(%¯













Courbes initiale et reconstruite













































































%%($%G .( %(H#)G'%$H'*#) -GG#H*Z(G -$ H(%H+(
#$G - #)G "$ %(\ -%[$(% [$( )#$G #&'()#)G .(G (%%($%G (¤-H'(\ ()' *.()'*[$(G " #$%





.(G .($¤ -*'G G$* -)'G
×
+(G (%%($%G #)' Z'Z )#%\ -+*GZ(G " #$%

'%( *).Z" ().-)'(G .( +-


























Courbes initiale et reconstruite






















(H#)G'%$H'*#) . Ë$)( G"*%-+( - (H
S










































%%($%G .( %(H#)G'%$H'*#) -GG#H*Z(G ¨ +- G"*%-+(
) '%#*G*¬\ ( (¤(\"+( \ #)'%( $)( G"+*)( H#\"#%'-)'
R



















Courbes initiale et reconstruite




























(H#)G'%$H'*#) . Ë$)( G"+*)( - (H
R









































%%($%G .( %(H#)G'%$H'*#) -GG#H*Z(G ¨ +- G"+*)(
)Î) $) .(%)*(% (¤(\"+( \ #)'%( $)( '%#H#C.( - (H
T


















Courbes initiale et reconstruite























(H#)G'%$H'*#) . Ë$)( '%#H#*.( - (H
T















































%%($%G .( %(H#)G'%$H'*#) -GG#H*Z(G ¨ +- '%#H#C.(
¥(G .* Z%()'G (¤(\"+(G \ #)'%()' [$( )#$G #&'()#)G .( & #))(G %(H#)G'%$H'*#)G .(G
H#$%& (G Ê -$'-)' .$ "#*)' .(  $(  *G$(+ Ê [$ Ë- (H +(G (%%($%G H-+H$+Z(G

"%¬G H(G [$(+[$(G (¤(\"+(G Ê )#$G -++#)G  #*% .-)G +- "-%'*( G$* -)'( +- H#)G*G'-)H( .(






[ 1 `ä¢ Ò ·FåÒ¤<£ä
¡G­GHI JKJ LMI JHNOMHKMI PO ËQRRGSTMHT LMI KGHTSQJHTMI UM SMKGHITSOKTJGH UM LQ KGOSV M UMI
QHWLMI RQS SQRR GST ¨ LQ SMKGHITSOKTJGH UM LQ KGOSV M ÎHQLM

 GOI SMKGHITSOJIGHI LQ KGOSV M UMI QHWLMI RQS OHM IRLJHM KOVJPOM RQS X GSKMQO¤ Ê XYTGUM




HGOI X JHJX JIGHI
∫
α′′ 2
Gº α SMRSYIMHTM LQ GHKTJGH QHWLM

¦ S Ê UQHI KMTTM X GUYLJIQTJGH Ê ROJIPOM HGOI IGXXMI MH
RQSQX YTSJIQTJGH KOS  JLJWHM Ê LQ KGOSVOSM UM LQ KGOSV M κ MIT M¤QKTMX MHT LQ UYSJ MM UM LQ GHK
TJGH QHWLM












¥MLQ IJWHJÎM POM LGSIPOM HGOI SMKGHITSOJIGHI LQ GHKTJGH QHWLM MH KMSKQHT ¨ XJHJX JIMS
L ËYHMSWJM UM NM¤ JGH Ê HGOI KMSKGHI ¨ XJHJX JIMS LMI  QSJQTJGHI UM KGOSVOSM UM LQ KGOSV M ÎHQLM
¨ SMKGHITSOJSM
×
KMTTM KGHTSQJHTM MIT TS¬I KGYSMHTM Q MK LMI JHTMSRSYTQTJGHI R­ IJPOMI UMI
GV Ì MTI POM HGOI KMSKGHI

H MMT Ê HGOI KMSKGHI ¨ SMKGHITSOJSM UMI GSX MI JIIOMI UM
X QTYSJQO¤ MH UYGSX QTJGH Ê UGHK Q­QHT UMI RSGRSJYTYI LJIIMI
×
HGOI R GO GHI MH KGHKLOSM POM
KMTTM X YTGUM MIT VJMH QUQRTYM ¨ HGTSM RSGVL¬XM

\ 1 a¢[¹ç ¤¹¢Ôä ·¹ç çÐÑ¹Ñ ¤Ð¢
¥MTTM X YTGUM UM SMKGHITSOKTJGH Q YWQLMX MHT LQ RSGRSJYTY U Ë

TSM JH QSJQHTM RQS SGTQ
TJGH

¥MLQ IJWHJÎM POM R GOS UMO¤ KGOSV MI JH JTJQLMI JUMHTJPOMI ¨ OHM SGTQTJGH RS¬I Ê LMI UMO¤















UMO¤ KGOSV MI MT LMOSI GHKTJGHI U ËQHWLMI QIIGKJYMI JUMHTJPOMI ¨ OHM SGTQTJGH RS¬I L ËOHM UM
L ËQOTSM

¥MLQ IJWHJÎM PO ËJL M¤ JITM OH QHWLM θ TML POM
α(2)(s) = α(1)(s) + θ, ∀s.
MI UGHHYMI GVTMHOMI RQS LM I­ IT¬XM UM KQRTMOSI IGHT OHM IOJTM UM KGORLMI ®QVIKJIIM KOS  J
LJWHM Ê QHWLM¯ © LMI UGHHYMI UM LQ RSMX J¬SM KGOSV M IGHT
×
{(si, α(1)i ), i = 0, ..., n};
KMLLMI UM LQ UMO¤ J¬XM IGHT UGHK
×
{(si, α(2)i = α(1)i + θ), i = 0, ..., n}.















Q RSMX J¬SM YTQR M UM LQ SMKGHITSOKTJGH UM LQ KGOSV M KGHIJITM MH L ËJHTMSR GLQTJGH UM LQ
GHKTJGH UMI QHWLMI ¨ RQSTJS UMI YKQHTJLLGHI UGHHYI Q MK OHM IRLJHM KOVJPOM





¯ Ê IJ LQ GHKTJGH α˜(1)(s) MIT IGLOTJGH UM L ËJHTMSR GLQTJGH UMI {(si, α(1)i ), i = 0, ..., n} Ê
QLGSI HGOI GVTMHGHI LQ SMKGHITSOKTJGH
×
α˜(2)(s) = α˜(1)(s) + θ
RGOS LQ UMO¤ J¬XM KGOSV M

H M MT Ê LQ SMKMSKM UM L ËJHTMSR GLQHT MH IRLJHM KOVJPOM KGHIJITM
MH LQ SMKMSKM U ËOHM IOJTM UM POQUSORLYI {(ai, bi, ci, di), i = 0, ..., n − 1}  M KQLKOL UMI
ai, bi, ci
OTJLJIM IMOLMX MHT LMI YKQSTI MHTSM QHWLMI KGHIYKOTJI Ê UGHK KMI  QLMOSI IGHT JUMH
TJPOMI R GOS LMI 2 KGOSV MI Ê MT LMI  QLMOSI di
IGHT LMI  QLMOSI UMI QHWLMI
































cos θ − sin θ








 GOI GVTMHGHI VJMH LM SYIOLTQT IOJ QHT
×
LMI SMKGHITSOKTJGHI UM UMO¤ KGOSV MI GVTMHOMI










XYTGUM UGHHM UGHK UMI SYIOLTQTI JH QSJQHTI RQS SGTQTJGH





Ê IOS LQPOMLLM HGOI  G­GHI IOS
LQ WQOKM LMI UMO¤ KGOSV MI JH JTJQLMI MH VLMO ®LQ UMO¤ J¬XM KGOSV M YTQHT GVTMHOM RQS SGTQTJGH
U ËOH QHWLM pi
3
UM LQ RSMX J¬SM KGOSV M¯ MT LMI UMO¤ KGOSV MI SMKGHITSOJTMI MH SGOWM © IOS LM
IKYX Q UM USGJTM Ê HGOI QRRLJPOGHI LQ SGTQTJGH JH MSIM IOS LQ UMO¤ J¬XM KGOSV M SMKGHITSOJTM
QÎH UM LQ KGXRQSMS
×
LMI UMO¤ KGOSV MI SMKGHITSOJTMI IGHT KGH GHUOMI ®SGOWM MT  MST X QJI LQ
 MSTM IMOLMX MHT MIT   JIJV LM¯ Ê MT HGOI  G­GHI LQ KGOSV M JHJTJQLM MH VLMO












Reconstruction des 2 courbes identiques par rotation
















1 a¢[¹ç ¤¹¢Ôä ·¹ç FÐ¸ÐÑFÖÑ ¤ä
H QOTSM RSGRSJYTY JXRGSTQHTM UM KMTTM X YTGUM MIT IGH JH QSJQHKM RQS GX GTYTJM Ê KM
POJ IJWHJÎM POM R GOS UMO¤ KGOSV MI GVTMHOMI RQS KQHWMX MHT U ËYKMLLM L ËOHM UM L ËQOTSM Ê LMI
KGOSV MI SMKGHITSOJTMI IGHT JUMHTJPOMI ¨ KM X

XM KQHWMX MHT U ËYKMLLM RS¬I

¥ ËMIT KM POM
HGOI QLLGHI X GHTSMS RQS LQ IOJTM

GJMHT C(1) MT C(2) UMO¤ KGOSV MI JUMHTJPOMI ¨ OHM GX GTYTJM RS¬I L ËOHM UM L ËQOTSM

¥MLQ IJWHJÎ M POM IJ HGOI LMI RQSQX YTSGHI RQS L ËQVIKJIIM KOS  JLJWHM Ê JL M¤ JITM OH IKQLQJSM K
TML POM HGOI Q­GHI C(1)(s) UYÎHJM R GOS s ∈ [0, L] MT C(2)(σ) UYÎHJM R GOS σ ∈ [0,KL] Q MK
LQ SMLQTJGH IOJ QHTM
×
C(2)(σ) = C(2)(Ks) = K.C(1)(s).






MI UGHHYMI UMI KQRTMOSI IGHT R GOS LQ RSMX J¬SM KGOSV M
×
{(si, αi), i = 0, ..., n}
ﬁ%ﬁﬂ, -#, Qx













LLOITSQTJGH UM UMO¤ KGOSV MI GX GTYTJPOMI
MT IGHT UGHK R GOS LQ IMKGHUM KGOSV M
×
{(σi = Ksi, αi), i = 0, ..., n},
KQS L ËGX GTYTJM KGHIMS M LMI TQHWMHTMI RQS RQSQLLYLJIX M ®HGOI MH  G­GHI U ËQJLLMOSI L ËJLLOI






GJMHT LMI GHKTJGHI α˜(1)(s) GVTMHOM R GOS LQ KGOSV M
R
MT α˜(2)(s) GVTMHOM R GOS LQ KGOSV M ] Ê
POMLLM SMLQTJGH ­QT ËJL MHTSM MLLMI ª GJT
α˜(1) : [0, L] −→ R
s 7−→ α˜(1)(s)
L ËOHJPOM IGLOTJGH IRLJHM  YSJÎQHT LMI KGHTSQJHTMI U ËJHTMSR GLQTJGH α˜(1)(si) = αi

 T KGHIJUY
SGHI MHIOJTM LQ GHKTJGH α̂(2) UYÎHJM RQS
×
α̂(2) : [0,K.L] −→ R




 LGSI Ê RQS KGHITSOKTJGH α̂(2) MIT OHM IRLJHM QIIGKJYM QO¤ HGMOUI K.si
MT MLLM  YSJÎM LMI
















 GHK LMI GHKTJGHI QHWLMI GHT LQ SMLQTJGH IOJ QHTM
×



















































 GOI GVTMHGHI QJHIJ UMO¤ KGOSV MI SMKGHITSOJTMI GX GTYTJPOMI L ËOHM UM L ËQOTSM
×
LQ
X YTGUM POM HGOI Q GHI X JIM MH RLQKM UGHHM UGHK UMI IGLOTJGHI JH QSJQHTMI RQS GX GTYTJM








LQ WQOKM LMI UMO¤ KGOSV MI JH JTJQLMI MH VLMO MT LMI UMO¤ KGOSV MI SMKGHITSOJTMI MH SGOWM Ê MT
LQ KGXRQSQJIGH IOS LM WSQRM UM USGJTM Gº LMI UMO¤ KGOSV MI SMKGHITSOJTMI IGHT KGH GHUOMI
®SGOWM MT  MST¯











Reconstruction des 2 courbes identiques par homothétie

























LQ KGOSV M SMKGHITSOJTM  QT ËMLLM KGH MSWMS  MSI LQ KGOSV M JHJTJQLM IJ HGOI QJIGHI
TMHUSM LM HGXVSM UM KQRTMOSI  MSI L ËJHÎHJ ª GOS KMLQ Ê HGOI RSGKYUGHI MH ] YTQR MI
×

LQ RSMX J¬SM YTQR M  Q KGHIJITMS ¨ XQÌ GSMS LMI MSSMOSI UM SMKGHITSOKTJGH UM LQ KGOSV M
MH GHKTJGH UMI MSSMOSI UM SMKGHITSOKTJGH IOS LQ KGOSV M UMI QHWLMI Ê

LQ UMO¤ J¬XM YTQR M KGHIJITM ¨ UYTMSX JHMS IJ LQ X YTGUM UM SMKGHITSOKTJGH UM LQ KGOSV M
UMI QHWLMI KGH MSWM  MSI LQ  YSJTQVLM KGOSV M UMI QHWLMI MH GHKTJGH UO HGXVSM UM
KQRTMOSI

[ 1 \Ð¢[äç3ä¢Ôä èä Õ¹ ÔÐ£ç=ä ÒäÕÐ¢ Õ¹ ÔÐ¢[äç3ä¢Ôä èä Õ¹ ÔÐ£ç=ä èäÒ
¹¢3ÕäÒ
¡G­GHI JKJ POMLLMI ­RGT¬IMI UM KGH MSWMHKM HGOI UM GHI JXRGIMS QO¤ QHWLMI R GOS GV 
TMHJS OHM KGH MSWMHKM UM LQ X YTGUM UM SMKGHITSOKTJGH RQS JHTYWSQTJGH

GOI QLLGHI X QÌ GSMS
UJYSMHTI KQLKOLI U ËMSSMOS UM LQ KGOSV M ¨ SMKGHITSOJSM MH GHKTJGH UMI MSSMOSI UM SMKGHITSOK







C = (Cx, Cy)









MSSMOSI U ËJHTMSR GLQTJGH UM LQ GHKTJGH QHWLM MH HGSX M L1, L2MT L∞













(∥∥∥Cx − C˜x∥∥∥∞ ,∥∥∥Cy − C˜y∥∥∥∞)∥∥∥Cx − C˜x∥∥∥∞ = sups∈[0,L]
∣∣∣Cx(s)− C˜x(s)∣∣∣
¦ S
× ∣∣∣Cx(s)− C˜x(s)∣∣∣ = ∣∣∣∣∫ s
0
(cos(α(t))− cos(α˜(t))) dt
∣∣∣∣ ≤ ∫ L
0
|cos(α(t))− cos(α˜(t))| dt








)∣∣∣∣ ≤ 2.1. ∣∣∣∣a− b2
∣∣∣∣ ≤ |a− b| ®R Rr¯
GHK HGOI R GO GHI GVTMHJS
Z
X QÌGSQTJGHI UJ YSMHTMI ®QJIQHT JHTMS MHJS LMI
Z
HGSX MI UJY
SMHTMI R GOS L ËMSSMOS UM SMKGHITSOKTJGH UM LQ KGOSV M UMI QHWLMI¯
×



























)∣∣∣∣ ≤ 2.1. ∣∣∣∣a− b2
∣∣∣∣ ≤ |a− b| ®R RW¯
GOI GVTMHGHI QJHIJ LM X

XM WMHSM UM X QÌGSQTJGH R GOS
∣∣∣Cy(s)− C˜y(s)∣∣∣   GOI GVTMHGHI
QLGSI OHM X QÌ GSQTJGH UM L ËMSSMOS UM SMKGHITSOKTJGH MH HGSX M JHÎHJM UM LQ KGOSV M MH GHKTJGH















¥MKJ HGOI X GHTSM POM L ËMSSMOS MH HGSX M JHÎHJM UM LQ KGOSV M ¨ SMKGHITSOJSM MIT X QÌ GSYM
RQS LMI MSSMOSI MH TGOTM HGSX M UM SMKGHITSOKTJGH UM LQ KGOSV M UMI QHWLMI
×
IJ LQ KGOSV M
UMI QHWLMI KGH MSWM  MSI LQ KGOSV M UMI QHWLMI JH JTJQLM Ê QLGSI LQ KGOSV M ¨ SMKGHITSOJSM  Q














∣∣∣Cx(s)− C˜x(s)∣∣∣+ ∣∣∣Cy(s)− C˜y(s)∣∣∣
























 GOI GVTMHGHI LM X






















































HÎH Ê HGOI GVTMHGHI LM X

XM IT­ LM UM SYIOLTQTI R GOS L ËMSSMOS UM SMKGHITSOKTJGH MH
HGSX M ]

H KGHKLOIJGH Ê IJ LQ KGOSV M UMI QHWLMI KGH MSWM ®TGOTMI HGSX MI KGH GHUOMI¯ Ê QLGSI LQ
KGOSV M SMKGHITSOJTM KGH MSWM  MSI LQ KGOSV M JHJTJQLM ®TGOTMI HGSX MI KGH GHUOMI¯

¡G­GHI ¨
RSYIMHT LQ KGH MSWMHKM UM LQ KGOSV M UYSJ YM

m d effghfi ihf jc uvfq
v















∥∥∥C ′ − C˜ ′∥∥∥
∞
= max
(∥∥∥C ′x − C˜ ′x∥∥∥∞ ,∥∥∥C ′y − C˜ ′y∥∥∥∞)∥∥∥C ′x − C˜ ′x∥∥∥∞ = sups∈[0,L]
∣∣∣C ′x(s)− C˜ ′x(s)∣∣∣
¦ S
× ∣∣∣C ′x(s)− C˜ ′x(s)∣∣∣ = |cos(α(s))− cos(α˜(s))|








W¯ Ê HGOI Q GHI
×
















∥∥∥C ′(s)− C˜ ′(s)∥∥∥
1
ds∥∥∥C ′(s)− C˜ ′(s)∥∥∥
1
=
∣∣∣C ′x(s)− C˜ ′x(s)∣∣∣+ ∣∣∣C ′y(s)− C˜ ′y(s)∣∣∣








W¯ Ê HGOI GVTMHGHI
×
























∥∥∥C ′(s)− C˜ ′(s)∥∥∥2
2
























W¯ Ê HGOI GVTMHGHI
×
∥∥∥C ′(s)− C˜ ′(s)∥∥∥2
2
≤ 2 |α(s)− α˜(s)|2
 ËGº












H KGHKLOIJGH Ê HGOI Q GHI YWQLMX MHT KGH MSWMHKM UM LQ GHKTJGH UYSJ YM MH GHKTJGH
UM LQ GHKTJGH UMI QHWLMI
×
HGTSM X YTGUM UM SMKGHITSOKTJGH UM LQ KGOSV M UMI QHWLMI MT
IGH M. KQKJTY  GHT QJHIJ KGXRL¬TMX MHT KGHTS LMS LQ KGOSV M ¨ SMKGHITSOJSM

¡G­GHI UGHK
X QJHTMHQHT IJ LQ X YTGUM POM HGOI OTJLJIGHI R GOS LQ SMKGHITSOKTJGH UM LQ KGOSV M UMI QHWLMI
R MSX MT OHM KGH MSWMHKM UM LQ KGOSV M GVTMHOM  MSI LQ KGOSV M JHJTJQLM

\ 1 \Ð¢[äç3ä¢Ôä èä Õ¹ ¸ÖÑFÐèä è w¤¢Ñäç·ÐÕ¹Ñ ¤Ð¢
 GOI  MHGHI UM  GJS POM LQ KGH MSWMHKM UM HGTSM X YTGUM UYR MHU UM LQ KGH MSWMHKM UM
LQ KGOSV M UMI QHWLMI SMKGHITSOJTM  MSI LQ KGOSV M UMI QHWLMI SYMLLM UM LQ KGOSV M ¨ SMKGHITSOJSM

GOI QLLGHI UGHK JKJ HGOI JHTYSMIIMS ¨ LQ KGH MSWMHKM UM LQ X YTGUM U ËJHTMSR GLQTJGH KGJIJM

GJT LQ GHKTJGH α Ê UYÎHJM IOS [0, L] QO X GJHI C2 Ê UGHT HGOI KGHHQJIIGHI LMI  QLMOSI MH
n+1 RGJHTI (α(si) = αi, i = 0, ..., n)
MT POM HGOI UM GHI JHTMSR GLMS
 x
Q GHKTJGH JHTMSR GLQHTM
α˜ MIT OHM IR LJHM KOVJPOM HQTOSMLLM y
x
MI RSGRSJYTYI UM KGH MSWMHKM UMI KGOSV MI IRLJHMI GHT LGHWOMX MHT YTY YTOUJYMI Ê MT IMI















J HGOI IORRGIGHI LMI QVIKJIIMI si





|α˜(x)− α(x)| = O(h2), POQHU h→ 0 R y]U
K MITUJSM POM L JHTMSR GLQTJGH RQS IRLJHM KOVJPOM HQTOSMLLM KGHMSWM MH HGSX M JHŁHJM MSI




QHI OH R MX JMS TMXRI  HGOI QGHI X GHTSY LM SYIOLTQT IOJQHT  L MSSMOS UM SMKGHITSOKTJGH
UM LQ KGOSV M ŁHQLM

POM KM IGJT IMLGH LQ HGSX M L1  L2 MT L∞

MIT V GSHYM RQS L MSSMOS UM
SMKGHITSOKTJGH UM LQ GHKTJGH UMI QHWLMI






QHI OH UMOJX M TMXRI  HGOI MHGHI UM GJS POM L JHTMSR GLQTJGH RQS IRLJHM KOVJPOM
HQTOSMLLM UM LQ GHKTJGH UMI QHWLMI KGHMSWMQJT R GOS LQ HGSX M JHŁHJM MSI LQ IGLOTJGH MQKTM
MH GHKTJGH UO HGXVSM UM KQRTMOSI y
~
H SYIOX Y  HGOI MHGHI U GVTMHJS LM SYIOLTQT IOJQHT  LQ X YTGUM UM SMKGHITSOKTJGH UM
KGOSV MI  RQSTJS UM UGHHYMI TQHWMHTJMLLMI MH UMI R GJHTI UM SYRQSTJTJGH KGHHOM KGHMSWM MSI












[ 1 ^ççä£ç  ä¢ ¢ ¤¢ è£ ¢¸=çä èä ¹·ä£ç

GOI QGHI O RSYKYUMXXMHT POM LQ X YTGUM KGJIJM QJT KGHMSWMS LMI KGOSV MI IGLOTJGHI
MSI LMI KGOSV MI SYMLLMI LGSIPOM LM HGXVSM UM KQRTMOSI TMHU MSI L JHŁHJ y

KJ  HGOI QLLGHI HGOI
JHTYSMIIMS  L YGLOTJGH UM L MSSMOS MH GHKTJGH UO HGXVSM UM KQRTMOSI IOS OH KMSTQJH HGXVSM
UM KGOSV MI TMITI y
x








































OS KMI KGOSV MI  HGOI QGHI QRRLJPOY HGTSM X YTGUM UM SMKGHITSOKTJGH R GOS OH HGXVSM
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SSMOSI R GOS LQ IRLJHM
R
±
MI KGOSV MI X GHTSMHT OHM UYKSGJIIQHKM TSI SQRJUM UMI MSSMOSI UM SMKGHITSOKTJGH POJ
R MSX MT UM GJS PO JL H MIT RQI HYKMIIQJSM UM UJIR GIMS U OHM WSQHUM POQHTJTY UM KQRTMOSI

































HIMXVLM ] UM KGOSV MI TMITYMI








QMK OH RQI UM ] y
x
MI UJYSMHTMI KGOSV MI U MSSMOS GVTMHOMI IGHT SQIIMXVLYMI
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SSMOSI R GOS LQ IRLJHM ]

GOI GVTMHGHI LQ X

XM KGHKLOIJGH QMK KMT MHIMXVLM UM KGOSV MI y
x
MI MSSMOSI UYKSGJIIMHT
TSI JTM  LQ KGHMSWMHKM MIT SQRJUM  HGOI R GOGHI OTJLJIMS KMTTM X YTGUM UM SMKGHITSOKTJGH
R GOS OH HGXVSM UM KQRTMOSI QIIM² QJV LM y
\ 1 ;£³´<£³ ³ ¹[³ µ¢¢³ =¶£¤³

GOI QLLGH I HGOI JHTYSMIIMS JKJ QO KGOSV MI SMKGHITSOJTMI  RQSTJS UM UGHHYMI VSOJTYMI 
KQS LMI I·ITX MI IOS LMIPOMLI HGOI QLLGHI OTJLJIMS HGTSM QLWGSJTX M GOSHJSQ HYKMIIQJSMX MHT
UMI UGHHYMI HGH RQSQJTMI y

OHM RQST  JL R MOT · QGJS UMI MSSMOSI UOMI QO RLQKMX MHT UMI
KQRTMOSI

R GIJTJGHHMX MHT MT GSJMHTQTJGH UO KQRTMOS IOS LQ GSX M POJ R MOMHT UGHK QLTYSMS
LMI UJITQHKMI KOSJLJWHMI MT LMI UGHHYMI UMI QHWLMI

 MT U QOTSM RQST  LMI KQRTMOSI MOX

XMI
GHT OHM RSYKJIJGH UYŁHJM






GOI QGHI UGHK QJT UMI IJXOLQTJGHI UM KMI UMO T·R MI UM VSOJT R GOS MH GJS







GOI QLLGHI JKJ VSOJTMS LMI QHWLMI GVTMHOI RQS LMI
KQRTMOSI RQS OH VSOJT WQOIIJMH UM X G·MHHM HOLLM MT UM QSJQHKM QSJQVLM y
x
MI UGHHYMI
IMSGHT KGHHOMI  ±k¹  KMLQ IJWHJŁM POM LMI UGHHYMI IMSGHT VSOJTYMI QMK OHM QSJQHKM UM
σ = k. pi3.180 .
G·GHI KM POM HGOI GVTMHGHI R GOS KMSTQJHMI KGOSV MI TMITI y
±
QPOM R GJHT UM















G·GHI TGOT U QV GSU OH SYIOLTQT UM KGOSV M GVTMHO QMK
R_
KQRTMOSI







GOI G·GHI LQ KGOSV M JHJTJQLM MH VLMO  LQ SMKGHITSOKTJGH HGH VSOJTYM
MH SGOWM MT KMLLM OTJLJIQHT LMI UGHHYMI VSOJTYMI MH MST y












Courbes initiale et reconstruite




















































































GOI QLLGHI QRRLJPOMS TGOTM OHM IYSJM UM TMITI QMK UJMSIMI QLMOSI UM VSOJTI  MT OH
HGXVSM UJMSI UM KQRTMOSI y







KQRTMOSI R GOS LMI VSOJTI IOJQHTI  {1¹, 2¹, 4¹, 6¹, 8¹, 10¹, 15¹} y L · Q UGHK Z KGOSV MI U MSSMOSI
R GOS UMI VSOJTI QLLQHT UM ±1¹  ±15¹ GJS ) ¾* +R yRU y








Erreur de position globale en % pour le cercle

























jqog n Êcqm jg
v
cfqcpqlo
G·GHI TGOT U QV GSU OH SYIOLTQT UM KGOSV M
GVTMHO QMK W KQRTMOSI MT UMI QLMOSI UM KQRTMOSI KGHHOMI  ±10¹ RSI GJS ) ¾* +R yRr 



















Courbes initiale et reconstruite






















































































GOI QJIGHI LMI X

























Erreur de position globale en % pour la courbe à faible variation































MI KGOSV MI X GHTSMHT RLOIJMOSI YLYX MHTI  TGOT U QV GSU LM QJT POM
LMI MSSMOSI KSGJIIMHT MH GHKTJGH UMI MSSMOSI UMI QLMOSI KQRTMOSI  X QJI SMITMHT TSI QK
KMRTQVLMI y

QOTSM RQST  HGOI G·GHI POM IJ HGOI QOWX MHTGHI LM HGXVSM UM KQRTMOSI  LMI
MSSMOSI UJX JHOMHT y

GHK HGOI R GOGHI MH KGHKLOSM POM HGOI R GOGHI KGXRMHIMS L MSSMOS
UM RSYKJIJGH UMI KQRTMOSI RQS LM HGXVSM UM KMI KQRTMOSI

LMI MSSMOSI IGHT KGXRMHIYMI RQS




GOI R GOGHI QJHIJ KGHIJUYSMS POM HGTSM X YTGUM UM SMKGHI
TSOKTJGH MIT QKKMRTQVLM R GOS UM QJV LMI VSOJTI MT OH HGXVSM QJV LM UM KQRTMOSI  X QJI POM IJ
HGOI UYWSQUGHI LQ QLMOS UMI KQRTMOSI  HGOI R GOSSGHI GVTMHJS UMI SYIOLTQTI QKKMRTQVLMI MH









GOI QLLGHI  RSYIMHT VSOJTMS LQ R GIJTJGH UMI
KQRTMOSI LM LGHW UM LQ KGOSV M  KMI MSSMOSI R GOQHT SMRSYIMHTMS LMI R MTJTMI JXRSYKJIJGHI
UM X GHTQWM LGSI UM L JHTYWSQTJGH UMI KQRTMOSI UQHI LM X QTYSJQO y

GOI QLLGHI VSOJTMS KMI
R GIJTJGHI QMK OH VSOJT VLQHK WQOIIJMH UM X G·MHHM HOLLM MT UM QSJQHKM QSJQVLM y
x
MI UGHHYMI
IGHT RSYKJIMI  ±k% RSI IJWHJŁMHT POM LQ QSJQHKM UO VSOJT OTJLJIY MIT UM k3L  Gº
x
MIT LQ
LGHWOMOS TGTQLM UO SOVQH y

GOI QJIGHI LMI TMITI IOS LMI 2 X





G·GHI TGOT U QV GSU OH SYIOLTQT UM KGOSV M GVTMHO QMK
R_
KQRTMOSI MT UMI



















Courbes initiale et reconstruite






















































































GJKJ LMI SYIOLTQTI POM HGOI GVTMHGHI R GOS LQ VQTTMSJM UM TMITI IOJQHTI  HGOI QJIGHI






KQRTMOSI R GOS LMI VSOJTI UM
R GIJTJGHI IOJQHTI  {1%, 2%, 4%, 6%, 8%, 10%, 15%} y L · Q UGHK Z KGOSV MI U MSSMOSI R GOS
UMI VSOJTI QLLQHT UM ±1%  ±15% GJS ) ¾* +R y]_ y











Erreur de position globale en % pour le cercle




















G·GHI TGOT U QV GSU OH SYIOLTQT UM KGOSV M GVTMHO QMK W KQRTMOSI MT UMI


















Courbes initiale et reconstruite
































































































GOI QJIGHI LMI X
























Erreur de position globale en % pour la courbe à faible variation



















GOI QV GOTJIIGHI QO X

XM WMHSM UM SYIOLTQTI POM RSYKYUMXXMHT 
LGSIPO JL · Q V MQOKGOR UM KQRTMOSI  LMI MSSMOSI IGHT X GJHUSMI

LQ POQHTJTY U JHGSX QTJGHI
KGXRMHIM LQ POQLJTY UM KMI UGHHYMI

 MT R GOS LMI MSSMOSI MMKTJMI POM HGOI QOSGHI QMK LMI






QHI KMTTM RQSTJM  HGOI QGHI YLQV GSY OHM X YTGUM UM SMKGHITSOKTJGH UM HGTSM RSGVLX M 
POJ KGHIJITQJT  TSGOMS OHM KGOSV M IGLOTJGH POJ QQJT R GOS KGHTSQJHTMI UMI UJSMKTJGHI UM
TQHWMHTMI MH KMSTQJHI R GJHTI UM LQ KGOSV M UGHK HGOI KGHHQJIIJGHI LQ SYRQSTJTJGH  K MITUJSM
LMI UJITQHKMI KOSJLJWHMI MHTSM KQPOM R GJHT UM X MIOSM y
x
Q X YTGUM YLQV GSYM Q OTJLJIY LQ
RQSQX YTSJIQTJGH KOSJLJWHM POJ JHKLOQJT QJHIJ UJSMKTMX MHT UQHI LM X GULM LMI KGHTSQJHTMI UM
LGHWOMOS JHTMSKQRTMOSI MT HM UMX QHUQJT QLGSI RLOI PO  JHTMSR GLMS LMI QHWLMI UMI TQHWMHTMI y

GOI QGHI MHIOJTM KQSQKTYSJIY HGTSM X YTGUM  MLLM QRRQSQJT QGJS OHM KGYSMHKM R·IJPOM

JHQSJQHKM RQS SGTQTJGH  RQS GX GTYTJM  X JHJX JIQTJGH UM LQ QSJQTJGH UM KGOSVOSM

 QGJS










QLLGHI  RSYIMHT GJS KGXX MHT HGOI R GOGHI HGOI JHIRJSMS UM KM TSQQJL R GOS QLLMS RLOI LGJH 


















GOI UMGHI  RSYIMHT SMKGHITSOJSM UMI KGOSV MI UM L MIRQKM QMK LMI X

XMI KGHTSQJHTMI
POM RSYKYUMXXMHT  K MITUJSM POM HGOI UMGHI SMKGHITSOJSM OHM KGOSV M UQHI L MIRQKM MH
KGHHQJIIQHT LMI GSJMHTQTJGHI UMI MKTMOSI TQHWMHTI MH KMSTQJHI R GJHTI UM LQ KGOSV M y
x
MI UGH
HYMI POM HGOI QGHI IGHT LQ SYRQSTJTJGH UMI KQRTMOSI LM LGHW UM LQ KGOSV M  MT L GSJMHTQTJGH UMI
KQRTMOSI  KMI MHUSGJTIL y

GOI QLLGHI UGHK RQSQX YTSMS LQ KGOSV M RQS L QV IKJIIM KOSJLJWHM






Q UYSJYM MIT KGXRGIYM UM MKTMOSI OHJTQJSMI 
T (s) = C ′(s) =
x′(s)y′(s)
z′(s)
 TML POM ∥∥C ′(s)∥∥ = 1, ∀s.
x
MI UGHHYMI POM HGOI QGHI IGHT




 = C ′(si) QMK si KGHHOI MHTSM 0 MT L LGHWOMOS TGTQLM UM LQ KGOSV M y

L MIT QJHIJ R GIIJV LM U YTMHUSM LQ X YTGUM YTOUJYM RSYKYUMXXMHT IOS LMI KGOSV MI RLQHMI 
POJ KGHIJITM  SMKGHITSOJSM LQ GHKTJGH UYSJYM  ROJI  JHTYWSMS R GOS SMTSGOMS LQ KGOSV M
JHJTJQLM y
x
MHIMXVLM UMI MKTMOSI UYSJYI UGJT SMITMS IOS LQ IRSM OHJTY KQS HGOI IGXXMI MH RQ
SQX YTSJIQTJGH KOSJLJWHM y










HM SMKGHITSOKTJGH R GIIJV LM UO RSGVLX M MH KGOSV MI WQOKMI MIT L MTMHIJGH UJSMKTM UM
LQ X YTGUM UMI KGOSV MI RLQHMI  LQ RQSQX YTSJIQTJGH MH KGGSUGHHYMI IRYSJPOMI UMI MKTMOSI
TQHWMHTI OHJTQJSMI 
Ti =
xi = sin(αi) cos(θi)yi = sin(αi) sin(θi)
zi = cos(αi)
 . åy]r
z JHIJ  LQ RSMX JSM JUYM MIT U JHTMSR GLMS LMI 2 GHKTJGHI QHWLMI QMK UMI IRLJHMI KOVJPOMI 













è 1 é¹ê ·¶âãâ·¹êá
±
MTTM X YTGUM R MOT UGHHMS UM V GHI SYIO LTQTI  KMR MHUQHT  2 RSGVLX MI JHTMSJMHHMHT 
ë
LQ SMKGHITSOKTJGH H MIT RQI JHQSJQHTM RQS SGTQTJGH UM LQ KGOSV M  GVTMHJS

R GOS 2
KGOSV MI JUMHTJPOMI GVTMHOMI RQS SGTQTJGH L OHM UM L QOTSM  LMI SMKGHITSOKTJGHI HM IGHT




HGOI H QGHI RQI LQ KGYSMHKM R·IJPOM KGHKMSHQHT LQ KGOSVOSM MT LQ TGSIJGH KGXXM
RGOS LM KQI 2D y
~
H MìMT  LMI GSXOLMI UM KGOSVOSM κ MT UM TGSIJGH τ MH GHKTJGH UMI 2 QHWLMI α MT θ IGHT 
κ =
√
α′2 + θ′2 sin2 α åy]íQ

τ =
2α′2θ′ cosα+ α′θ′′ sinα− θ′ sinα (α′′ + θ′2 cosα sinα)









MI GSXOLMI HM R MSX MTTMHT RQI UM UYŁHJS IJXRLMX MHT LM LJMH
MHTSM LMI X JHJX JIQTJGHI JHTMSMHQHT UQHI LQ X YTGUM













GOI QLLGHI UGHK HGOI R MHKMS MSI OHM HGOMLLM X YTGUM  POJ SMKGHITSOJT UJSMKTMX MHT







GOI UMGHI UGHK SMKGHITSOJSM LQ GHKTJGH UM MKTMOSI OHJTQJSMI T (s) RGOS s ∈ [0, L] MH
KGHHQJIIQHT LMI MKTMOSI OHJTQJSMI T (si) = Ti =
xiyi
zi
  QMK si KGHHOI y
±
MLQ SMJMHT  KMSKMS OHM KGOSV M TSQKYM IOS LQ IRSM OHJTY  POJ JHTMSR GLM OH MHIMXVLM
UM R GJHTI UGHHYI y

GOI QLLGHI QJHIJ KMSKMS  JHTMSR GLMS LQ KGOSV M UYSJYM RQS OHM IRLJHM
IOS LQ IRSM y
x
Q TYGSJM UMI IRLJHMI IOS LQ IRSM MIT QIIM² R MO YTOUJYM y

L M JITM U OHM RQST UMI QS
TJKLMI TSI TYGSJPOMI  YTOUJQHT IOSTGOT L M JITMHKM UM KGOSV MI IOS UMI IOSQKMI Q·QHT UMI





Q Í  Ì
ò
_ó








 X QJI POJ
H QRR GSTMHT RQI UM X YTGUM UM KGHITSOKTJGH y

QOTSM RQST  JL M JITM OHM QOTSM KQTYWGSJM
U QSTJKLMI POJ IGHT QO KGHTSQJSM RLOI QRRLJKQTJI  UGHT LM VOT MIT U JHTMSR GLMS UQHI L MIRQKM
UMI POQTMSHJGHI

UGHK IOS LQ IRSM UM R4















MI RQRJMSI IGHT QLGSI UMI MTMHIJGHI UMI îIRLJHMI UO RLQH  POJ
IGHT QRR MLYMI IRLJHMI IOS LQ IRSM RQS QHQLGWJM y





Í y G·GHI UQHI OH RSMX JMS TMXRI OH SQRR ML IOS LMI IRLJHMI KOVJPOMI MH MIRQKM RLQH 









ß 1 ö÷øø³´ ø´âã³ ê¶ ´³ ø´÷ã
ù




GOI IQGHI POM LMI
KGOSV MI KOVJPOMI R MOMHT I YKSJSM MH GHKTJGH U OH RGL·WGHM UM KGHTSþLM Pi, i = 0, ..., 3








GOI R GOGHI QOIIJ YQLOMS LQ QLMOS UM KMTTM KGOSV M MH OH RGJHT MH GHKTJGH UO RGL·















































GOI HGTGHI KMTTM JHTMSR GLQTJGH BC[P0, P1, P2, P3](t).

L MIT X QJHTMHQHT R GIIJV LM UM KSYMS UMI IRLJHMI KOVJPOMI MH SQKKGSUQHT RLOIJMOSI KOVJPOMI 
K MIT KM POM HGOI QRR MLGHI LMI îIRLJHMI y
ù




TQHT UGHHYI LMI R GJHTI UM KGHTSþLM di
MT LMI HGMOUI si,
HGOI UYŁ


















R GOS si ≤ s ≤ si+1, i = 0, ..., n− 1  hi = si − si−1, QMK 
Ri = (1− µi)di + µidi+1 åyZ_Q
Li+1 = (1− λi+1)di + λi+1di+1 åyZ_V 











































GHITSOKTJGH UO RGL·WGHM UM KGHTSþLM UM LQ îIRLJHM
λi =
hi−1 + hi


























Q IRLJHM JHTMSR GLM LMI R GJHTI Ti
y
ò
GOS LQ UYTMSX JHMS  HGOI UMGHI UGHK UYTMSX JHMS
LMI R GJHTI UM KGHTSþLM di
y zMK LMI GSXOLMI RSYKYUMHTMI  HGOI QV GOTJIIGHI  OH I·ITX M
LJHYQJSM  

























































ai = (1− δi)(1− λi) åyZZQ
bi = (1− δi)λi + δi(1− µi) åyZZV 






Q KGOSV M MIT G2 RQS UYŁHJTJGH y
G·GHI  RSYIMHT KGXXMHT HGOI R GOGHI QRRLJPOMS KMKJ R GOS GVTMHJS UMI KGOSV MI IOS
LQ IRSM y
è 1 ³ è ø´âã³ ê¶ ´÷ øF¶³
±










ü dc d úlÎÎgop
É




L HGOI IO T UM SMXRLQKMS LMI JHTMSR GLQTJGHI
LJHYQJSMI RQS UMI JHTMSR GLQTJGHI ô GOQHT LM X XM SþLM IOS LQ IRSM OHJTY  LMI JHTMSR GLQTJGHI
IRYSJPOMI LJHYQJSMI  ILMSR





H MIRQKM RLQH  L JHTMSR GLQTJGH LJHYQJSM MIT 
P = (1− t)A+ tB.












































sin2((1− t)θ)〈A,A〉+ sin2 tθ〈B,B〉+ 2 sin((1− t)θ) sin tθ〈A,B〉)
=
sin2((1− t)θ) + sin2 tθ + 2 sin((1− t)θ) sin tθ
sin2 θ
~
H UYMLGRRQHT sin ((1− t)θ)  HGOI GVTMHGHI LMI IJXRLJŁKQTJGHI GOLOMI y
z JHIJ  HGOI UYŁHJIIGHI LMI GHKTJGHI KOVJPOMI IOS LQ IRSM RQS
ó
R GJHTI UM KGHTSþLM IOS LQ






MH SMXRLQQHT LMI JHTMSR GLQTJGHI LJHYQJSMI RQS LMI











GOI QLLGHI X QJHTMHQHT UYŁHJS LMI R GJHTI UM KGHTSþLM UM LQ IRLJHM MH
OTJLJIQHT LQ X XM X YTGUM POM R GOS LMI KGOSV MI UQHI LM RLQH  X QJI HGOI OTJLJIGHI JKJ LMI
JHTMSR GLQTJGHI IRYSJPOMI y
~
TQHT UGHHYI LMI R GJHTI UM KGHTSþLM di 
POJ IGHT IOS LQ IRSM OHJTY

MT LMI HGMOUI si,
HGOI UYŁHJIIGHI LQ IRLJHM KOVJPOM IRYSJPOM IOJQHTM 




















RGOS si ≤ s ≤ si+1, i = 0, ..., n− 1  hi = si − si−1  QMK 

















hi−1 + hi + hi+1
µi =
hi





Q IRLJHM JHTMSR GLM UMI R GJHTI Ti.

GOI UMGHI UYTMSX JHMS LMI R GJHTI UM KGHTSþLM di
y
±







































GOI QLLGHI UGHK SYIGOUSM KM I·ITX M QMK OHM X YTGUM JTYSQTJM y
~
H GJKJ L QLWGSJTX M 
å
y UYTMSX JHMS LMI R GJHTI UM KGHTSþLM JH JTJQO
d
(0)
i , i = 0, ..., n


RQS MMXRLM LMI QLMOSI
HGSX QLJIYMI UM LQ IRLJHM 3
 

] y UYTMSX JHMS LMI QLMOSI UMI QHWLMI
αi, βi)
MH GHKTJGH UM KMI R GJHTI UM KGHTSþLM 
Z



































Ri = (1− µi)d(k−1)i + µid(k−1)i+1








y HGSX QLJIMS LMI di
RGOS PO JLI IGJMHT SQJX MHT IOS LQ IRSM

MH MìMT  KGXX M LMI JH
TMSR GLQTJGHI IRYSJPOMI OTJLJIMHT LMI QHWLMI αi
MT βi
POJ IGHT LMI QLMOSI UMI QHWLMI 
L YTQR M RSYKYUMHTM  HGOI GVTMHGHI UMI di





y JTYSMS ôOIPO  KGHMSWMHKM QMK LM KSJTSM IOJQHT  POM LMI T
(k)
i
KQLKOLYI QMK LM R GL·
WGHM UM KGHTSþLM UMI
d
(0)
i , i = 0, ..., n

IGJMHT RSGKMI UMI Ti
 GVTMHJS 




QLWGSJTX M UM 
~
_ó 
MIT X GUJŁY RQS L Qô GOT UM L YTQR M
ó
UQHI LQPOMLLM HGOI HGS
X QLJIGHI LMI R GJHTI UM KGHTSþLM y
x
GOVLJ UM KMTTM YTQR M SMHU QLGSI TGOI LMI KQLKOLI MSSGHYI

KQS LMI KQLKOLI RSMHHMHT R GOS ·RTGIM POM HGOI TSQQJLLGHI QMK UMI MKTMOSI OHJTQJSMI

MT QX HM QLGSI HGTQXXMHT UMI RSGVLX MI UM KGHMSWMHKM UM LQ X YTGUM y

GOI QGHI QOIIJ
X GUJŁY LM KSJTSM U QSST UM L QLWGSJTX M y z LGSI POM 
~
_ó 
RSGR GIM OH QSST LGSIPOM LMI
R GJHTI UM KGHTSþLM KGHMSWMHT MSI OH MKTMOS IGLOTJGH  HGOI RSGR GIGHI OH QSST LGSIPOM LMI
R GJHTI POM HGOI JHTMSR GLGHI IGHT RSGKMI UM KMO POM HGOI KMSKGHI  JHTMSR GLMS

POJ MIT










GOI OTJLJIGHI LMI X XMI MSSMOSI POM R GOS LMI KGOSV MI RLQHMI R GOS KQSQKTYSJIMS LMI
SYIOLTQTI 
ë
MSSMOS IOS LQ LGHWOMOS UM LQ KGOSV M SMKGHITSOJTM 
ë
MSSMOS IOS LQ R GIJTJGH UMI KQRTMOSI 
ë
MSSMOS IOS LQ R GIJTJGH UO RGJHT U QSSJYM 
ë




QOIUGSì X GUJŁYM y

GOI QLLGHI GJS JKJ POMLPOMI SYIOLTQTI GVTMHOI QMK LMI UMO X YTGUMI y

QHI LMI ŁWOSMI
IOJQHTMI  LMI KGOSV MI VLMOMI SMRSYIMHTMHT LMI KGOSV MI JH JTJQLMI  SMKGHITSOJSM  MT LMI KGOSV MI
SGOWMI MT MSTMI IGHT LMI KGOSV MI GVTMHOMI RQS LMI X YTGUMI UM SMKGHITSOKTJGH  LMI KGOSV MI
SGOWMI R GOS LMI SMKGHITSOKTJGHI UMI UMO QHWLMI JHUYR MHUQXXMHT  MT LMI KGOSV MI MSTMI RQS














³ " # ê¶$³ ³¶%³

GOI TMITGHI LMI UMO X YTGUMI IOS OHM KGOSV M MSX YM IOS LQPOMLLM HGOI QGHI RLQKY
å
^
R GJHTI UM X MIOSM y
x









WQOKM SMRSYIMHTM MH VLMO LQ KGOSV M JHJTJQLM MT MH SGOWM IQ SMKGHITSOKTJGH QMK LQ X YTGUM
POJ JHTMSR GLM LMI QHWLMI UM LQ RQSQX YTSJIQTJGH IRSJPOM JHUYR MHUQXX MHT & LM WSQRM UM
USGJTM IOR MSR GIM  LQ KGOSV M JHJTJQLM VLMOM LQ KGOSV M MSTM POJ SMRSYIMHTM LQ SMKGHITSOKTJGH







































GOSV M MSX YM 
±
GOSV MI SMKGHITSOJTMI  *+,-./ 0 12.3+-4 565758,-49 *32.: -/ -7
*½-37/ 0 12.3+-4 3-126473.57-4 4-,26 ,-4 ;-.< = >7?2;-4
±
MI KGOSV MI IGHT LM SYIOLTQT UM L JHTYWSQTJGH UM LMOS KGOSV M UYSJYM QIIGKJYM y
±
MI KGOSV MI






























 HGOI QGHI IMOLMX MHT QJT
QRRQSQ@TSM LQ UYSJYM JH JTJQLM MT KMLLM UM LQ X YTGUM
å




LQ UYSJYM JH JTJQLM
MT LQ UYSJYM UM LQ X YTGUM ] y
x




















































































GOSV M MSX YM 
±
GOSV MI UMI MKTMOSI TQHWMHTI IOS LQ IRSM  *+,-./ 0 12.3+-4
565758,-49 *32.: -/ -7 *½-37/ 0 12.3+-4 3-126473.57-4 4 -,26 ,-4 ;-.< = >7?2;-4
x
MI SYIOLTQTI JIOMLI X GHTSMHT KLQJSMX MHT OH X MJLLMOS SYIOLTQT MH KM POJ KGHKMSHM LQ
SMKGHITSOKTJGH UM LQ KGOSV M UYSJYM QMK LQ X YTGUM U JHTMSR GLQTJGH UJSMKTM IOS LQ IRSM 
MH MìMT  SMKGHITSOJSM LMI QHWLMI UM QGH JHUYR MHUQHTM UGHHM UMI KGOSV MI IOS LQ IRSM
SQJX MHT JSSYWOLJSMI y

M RLOI  LMI MSSMOSI IGHT IJX JLQJSMI MH KM POJ KGHKMSHM LQ R GIJTJGH UMI
KQRTMOSI  MT X MJLLMOSI R GOS LQ R GIJTJGH UO RGJHT U QSSJYM MT L MSSMOS UM

QOIUGSì  X QJI
OHM MSSMOS RLOI YLMYM UM R GIJTJGH WLGVQLM y

GHK HGOI R GOGHI UJSM POM LQ X YTGUM UM
SMKGHITSOKTJGH UJSMKTMX MHT IOS LQ IRSM UGHHM OHM KGOSV M WLGVQLMX MHT RLOI SYWOLJSM MT



















³ D # ø´âã³ Eé
x
Q UMO JX M KGOSV M MIT SMKGHITSOJTM  RQSTJS UM
å
ó
R GJHTI UM X MIOSM SYRQSTJI YPOJTQ
VLMX MHT y
x



















































GOSV MI SMKGHITSOJTMI  *+,-./ 0 12.3+-4 565758,-49 *32.: -/ -7 *½-37/ 0
12.3+-4 3-126473.57-4 4-,26 ,-4 ;-.< = >7?2;-4




































































































GOSV MI UMI MKTMOSI TQHWMHTI IOS LQ IRSM  *+,-./ 0 12.3+-4
565758,-49 *32.: -/ -7 *½-37/ 0 12.3+-4 3-126473.57-4 4 -,26 ,-4 ;-.< = >7?2;-4

OS KMT MMXRLM  HGOI GVIMSGHI JIOMLLMX MHT MT QMK LMI MSSMOSI KQLKOLYMI POM LQ X Y
TGUM UM SMKGHITSOKTJGH UM LQ UYSJYM UJSMKTMX MHT IOS LQ IRSM MIT X MJLLMOSM POM LQ RSMX JMSM
X YTGUM MRLGSYM y

GOI QLLGH I  RSYIMHT KQSQKTYSJIMS KMTTM X YTGUM MH YTOUJQHT IMI RSGRSJYTYI UM KGHIJI

















ß G H³ã øFI âJê³
G·GHI LQ KGHIYPOMHKM IOS LQ KGOSV M UMI KGHTSQJHTMI UM SMKGHITSOKTJGH UM LQ KGOSV M UY
SJYM y

GOI SMKGHITSOJIGHI LQ GHKTJGH UYSJYM MH OTJLJIQHT OHM IRLJHM KOVJPOM IOS LQ IRSM y

GOI IQGHI POM UQHI LMI MIRQKMI R LQHI  LMI IRLJHMI KOVJPOMI X JHJX JIMHT LMOS YHMSWJM y
x
MI
IRLJHMI KOVJPOMI IOS LQ IRSM Q·QHT YTY GVTMHOMI RQS QHQLGWJM  HGOI R GOGHI IORRGIMS
PO MLLMI X JHJX JIMHT YWQLMX MHT LMOS YHMSWJM  G·GHI QLGSI LMI KGHIYPOMHKMI U OHM TMLLM ·
R GTIM y

GOI KMTTM ·R GTIM  HGTSM X YTGUM X JHJX JIM ∫ ∥∥T ′′(s)∥∥2 ds åyZí
QMK T MKTMOSI TQHWMHTI  LQ KGOSV M y

GOI KMSKGHI L JHNOMHKM POM KMLQ Q IOS UMI UGHHYMI
JHTSJHIPOMI  LQ KGOSV M

KGXXM RQS MMXRLM LQ KGOSVOSM MT LQ TGSIJGH





T ′ = κN
N ′ = −κT + τB
QMK (T,N,B) SMR SM LG KQL UM KSMHMT  κ LQ KGOSVOSM MT τ LQ TGSIJGH y

GHK 
T ′′ = κ′N + κN ′
= κ′N + κ(−κT + τB)
= κ′N − κ2T + κτB∥∥T ′′∥∥2 = 〈T ′′, T ′′〉
= κ′2 + κ2(κ2 + τ2)
zJHIJ  MH RSGKYUQHT RQS QHQLGWJM RQS SQRR GST QO IRLJHMI UQHI UMI MIRQKMI RLQHI  LQ
X YTGUM U JHTMSR GLQTJGH RQS IRLJHMI IOS LQ IRSM X JHJX JIM ∫
κ′2 + κ2(κ2 + τ2) åy
Z

K MITUJSM POM HGOI X JHJX JIGHI OHM POQHTJTY MHWLGVQHT LQ TGSIJGH  LQ KGOSVOSM MT LQ Q
SJQTJGH UM LQ KGOSVOSM y
±
MTTM X YTGUM QJT UGHK JHTMSMHJS LQ X JHJX JIQTJGH UM QLMOSI JHTSJHIPOMI  LQ KGOSV M
KGHTSQJSMX MHT  LQ RSMX JSM X YTGUM UGHT HGOI QJGHI RQSLY  POJ X JHJX JIQJT UMI POQHTJTYI





GOI QLLGHI JKJ X GHTSMS L JHQSJQHKM RQS SGTQTJGH UM LQ IGLOTJGH GVTMHOM  K MITUJSM POM
R GOS UMO MHIMXVLMI UM UGHHYMI GVTMHOI RQS SGTQTJGH L OH UM L QOTSM  LMI KGOSV MI SMKGHI








GJMHT UMO MHIMXVLMI UM MKTMOSI OHJTQJSMI {T (1)i , i = 0, ..., n} MT {T (2)i , i = 0, ..., n}




















IGHT JUMHTJPOMI  LQ SGTQTJGH
MR
RSI 




MO KGOSV MI IGHT JUMHTJPOMI  OHM SGTQTJGH RSI IJWH JŁ M POM LMOS UYSJYM IGHT YWQLMX MHT
GVTMHOMI RQS SGTQTJGH L OHM UM L QOTSM 
C ′ (2)(s) =MRC ′ (1)(s),∀s.
~
TQHT UGHHY POM LMI KGOSV MI UYSJYMI IGHT UYŁHJMI UM QGH OHJPOM WSMKM  LMOS R GL·WGHM
UM KGHTSþLM  RSGOMS L YWQLJTY RSYKYUMHTM SMJMHT MQKTMX MHT  RSGOMS POM LMI R GL·WGHMI
UM KGHTSþLM IGHT GVTMHOI RQS SGTQTJGH L OH UM L QOTSM 

R GOS {d(1)i , i = 0, ..., n} RGL·WGHM












MI R GL·WGHMI UM KGHTSþLM IGHT UYTMSX JHYI RQS OHM JHJTJQLJIQTJGH MT UMI JTYSQTJGHI y

GOI







ü dc d Noqpqc jqicpqlo
x
YTQR M U JH JTJQLJIQTJGH UM L QLWGSJTX M KGHIJITM  KQLKOLMS LQ IRLJHM
Z

RQIIQHT RQS LMI R GJHTI y
±
M KQLKOL KGHIJITM  LQ SYIGLOTJGH U OH I·ITYX M LJHYQJSM  UGHT LQ
X QTSJKM MIT 
M =






















0 · · · · · · · · · 0 1

QMK
ai = (1− δi)(1− λi)










hi−1 + hi + hi+1
µi =
hi
















GHK LQ X QTSJKM MIT LQ X XM RGOS LQ SYIGLOTJGH UMI ] I·ITX MI KQS HM UYR MHU POM UMI
UJITQHKMI JHTMSKQRTMOSI y

























































































































ü dm d O vkhffgokg

ORRGIGHI POM L YWQLJTY UMI R GL·WGHMI IGJT SQJM QO SQHW k− 1 y òSGO

























































































































MKJ MIT SQJ R GOS LMI QHWLMI α  MH MìMT  HGOI QGHI åy
óó

 MT LMI QHWLMI IGHT KGHIMSYI RQS
LMI SGTQTJGHI y




















GOS RSGOMS L YWQLJTY UMI βi







MT UM X XM  LMI L
(2),k−1
i












sin((1− λi)αi)d(2),k−1i−1 + sin(λiαi)d(2),k−1i
sinαi
=
sin((1− λi)αi)MRd(1),k−1i−1 + sin(λiαi)MRd(1),k−1i
sinαi
= MR


















MI R GL·WGHMI UM KGHTSþLM IGHT GVTMHOI RQS SGTQTJGH L OH UM L QOTSM  UGHK LMI KGOSV MI UMI
UYSJYMI GVTMHOMI IGHT JUMHTJPOMI  OHM SGTQTJGH RSI  UGHK LMI KGOSV MI ŁHQLMI SMKGHITSOJTMI
IGHT JUMHTJPOMI  OHM SGTQTJGH RSI y
x
Q RSGRSJYTY MIT UYX GHTSYM  LQ X YTGUM UGHHM UMI
KGOSV MI JHQSJQHTMI RQS SGTQTJGH y
G·GHI  RSYIMHT OHM JLLOITSQTJGH UM L JHQSJQHKM RQS SGTQTJGH UM LQ X YTGUM IOS POMLPOMI
MMXRLMI y
ò
GOS LMI UJìYSMHTI MMXRLMI IOJQHTI























 HGOI QLLGHI QRRLJPOMS LMI QLWGSJTX MI UM SMKGHITSOKTJGH  OHM KGOSV M MT IGH
JUMHTJPOM RQS SGTQTJGH  ROJI HGOI QRRLJPOMSGHI LQ SGTQTJGH JHMSIM  LQ SMKGHITSOKTJGH UM LQ
KGOSV M Q·QHT IOVJ LQ SGTQTJGH QŁH UM KGXRQSMS LMI SYIO LTQTI y

GOI MSSGHI QJHIJ LM QJT POM
LQ X YTGUM UM SMKGHITSOKTJGH RQS RQSQX YTSJIQTJGH IRYSJPOM H MIT RQI JHQSJQHTM RQS SGTQ
TJGH  KGHTSQJSMX MHT  LQ X YTGUM U JHTMSR GLQTJGH WLGVQLM y
x
MI KGOSV MI VLMOMI SMRSYIMHTMHT
LMI KGOSV MI JH JTJQLMI  LMI KGOSV MI SGOWMI LMI KGOSV MI SMKGHITSOJTMI  MT LMI KGOSV MI MSTMI LMI
SMKGHITSOKTJGHI UM KGOSV MI Q·QHT IOVJ OHM SGTQTJGH

MT  LQPOMLLM HGOI QGHI QRRLJPOY LQ





























reconstruction avec les 2 angles indépendants






−4 −3 −2 −1 0






reconstruction avec la méthode globale









GOSV M MSX YM  JHQSJQHKM RQS SGTQTJGH  *+,-./ 0 12.3+-4 56 5758,-49 *32.: -/ 0
12.3+-4 3-126473.57-4 ;864 1-77- 235-67875269 *½-37/ 0 12.3+-4 3-126473.57-4 ;864 .6- 235-6Q
787526 ;5
R













35 reconstruction avec les 2 angles indépendants
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reconstruction avec la méthode globale










GOSV M YLJKGTUQLM  JHQSJQHKM RQS SGTQTJGH  *+,-./ 0 12.3+-4 565758,-49 *32.: -/ 0
12.3+-4 3-126473.57-4 ;864 1-77- 235-67875269 *½-37/ 0 12.3+-4 3-126473.57-4 ;864 .6- 235-6Q
787526 ;5
R
>3-6 7- -7 3>235-67>-4 S2.3 ,8 12=S8385426

GOI G·GHI KLQJSMX MHT LMI KGOSV MI SGOWMI MT MSTMI TSI UJITJHTMI UQHI LQ KGLGHHM UM
WQOKM  G HGOI G·GHI X XM UM X QOQJIMI SMKGHITSOKTJGHI  QLGSI POM IOS LQ USGJTM  LMI




MMXRLMI HGOI X GHTSMHT LM QJT POM LQ RQSQX YTSJIQTJGH
UMI MKTMOSI TQHWMHTI RQS LMI KGGSUGHHYMI IRYSJPOMI SMHU LQ SMKGHITSOKTJGH KGXRLTMX MHT
UYR MHUQHTM UM L GSJMHTQTJGH UM KMTTM KGOSV M RQS SQRR GST QO SMR SM  KM POJ H MIT RQI LM KQI



















reconstruction avec les 2 angles indépendants
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reconstruction avec la méthode globale










GOSV M YLJKGTUQLM  SQ·GH QSJQVLM  JHQSJQHKM RQS SGTQTJGH  *+,-./ 0 12.3+-4
565758,-49 *32.: -/ 0 12.3+-4 3-126473.57-4 ;864 1-77- 235-67875269 *½-37/ 0 12.3+-4 3-126473.57-4
;864 .6- 235-6787526 ;5
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GOI QLLGHI JKJ HGOI JHTYSMIIMS  L JHQSJQHKM RQS GX GTYTJM POM GOSHJT KMTTM X YTGUM
UM SMKGHITSOKTJGH y

GJMHT UMO MHIMXVLMI UM UGHHYMI {T (1)i , i = 0, ..., n} KGHHOI QO RGJHTI
{si, i = 0, ..., n} MT {T (2)i , i = 0, ..., n} KGHHOI QO RGJHTI {σi = K.si, i = 0, ..., n} GVTMHOMI
R GOS UMO KGOSV MI JUMHTJPOMI  L GX GTYTJM UM SQRR GST | RSI  UGHK HGOI QGHI {T (2)i =
T
(1)
i , i = 0, ..., n} y
ò
GOS X GHTSMS POM LMI KGOSV MI SYIOLTQTI C(1) MT C(2) IGHT JUMHTJPOMI 
L GX GTYTJM UM SQRR GST K RSI  JL HGOI IO T UM X GHTSMS POM LMI UMO RGL·WGHMI UM KGHTSþLM
QIIGKJYI QO KGOSV MI UYSJYMI {d(1)i , i = 0, ..., n} MT {d(2)i , i = 0, ..., n} IGHT YWQO y
~
H MìMT 
IJ HGOI IORRGIGHI KMLQ SQJ  QLGSI HGOI QGHI RQS LQ UYŁHJTJGH UM LQ IRLJHM KOVJPOM IOS LQ
IRSM 















T (1)(v)dv = K.C(1)(s)
±
M POJ X GHTSM L JHQSJQHKM RQS GX GTYTJM y

GHK X GHTSGHI L YWQLJTY UMI R GL·WGHMI UM KGHTSþLM y
±
MKJ UGJT IM QJSM MH UMO YTQR MI 
L YWQLJTY LGSI UM L JH JTJQLJIQTJGH MT LGSI UM LQ SYKOSSMHKM y
ò
GOS L JH JTJQLJIQTJGH  HGOI OTJLJIGHI OHM îIRLJHM KOVJPOM  LM RSMX JMS R GL·WGHM UM KGHTSþLM
MIT GVTMHO RQS JHMSIJGH U OHM X QTSJKM POJ MIT JUMHTJPOM R GOS LMI ] MHIMXVLMI UM UGHHYMI

MH






 IMOLI JHTMSJMHHMHT UMI SQRR GSTI UM UJITQHKMI JHTMSKQRTMOSI


HGOI GVTMHGHI QLGSI LM X XM RGL·WGHM JHJTJQL y
x
GSI UM LQ SYKOSSMHKM  LM RQSQX YTSQWM H JH
TMSJMHT RLOI UO TGOT  UGHK HGOI GVTJMHUSGHI YWQLMX MHT LQ X XM IOJTM UM R GL·WGHMI LGSI
UM L QLWGSJTX M y
















































HQSJQHKM RQS GX GTYTJM









GOI G·GHI IOS LQ WQOKM LMI UMO KGOSV MI JH JTJQLMI MH VLMO MT LMI UMO KGOSV MI SMKGHI












GOI QLLGHI X QJHTMHQHT YTOUJMS LMI RSGRSJYTMI UM KGHMSWMHKM UM KMTTM X YTGUM UM SM
KGHITSOKTJGH y {GOT KGXXM RGOS LMI KGOSV MI RLQHMI  G·GHI KMKJ MH UMO YTQR MI  LQ RSMX JSM
KGHIJITM  X Qô GSMS LMI MSSMOSI UM SMKGHITSOKTJGH UM LQ KGOSV M MH GHKTJGH UMI MSSSMOSI UM SM
KGHITSOKTJGH UM LQ KGOSV M UYSJYM  ROJI HGOI HGOI JHTYSMIIMSGHI  L MSSMOS UM SMKGHITSOKTJGH
UM LQ KGOSV M UYSJYM IOS LQ IRSM y

GOI QUGRTGHI LMI HGTQTJGHI IOJQHTMI  C = (Cx, Cy, Cz)
YTQHT LQ KGOSV M JHJTJQLM MT
C˜ = (C˜x, C˜y, C˜z)
LQ KGOSV M SMKGHITSOJTM y
ß G \










∣∣∣Cx(s)− C˜x(s)∣∣∣ = ∣∣∣∣∫ s
0





∥∥∥C ′x − C˜ ′x∥∥∥
2






















(∥∥∥C ′x − C˜ ′x∥∥∥
2
,
∥∥∥C ′y − C˜ ′y∥∥∥
2
,




S ∥∥∥C ′x − C˜ ′x∥∥∥
2
≤































































√∥∥∥C ′x − C˜ ′x∥∥∥2
2
+
∥∥∥C ′y − C˜ ′y∥∥∥2
2
+



























KXQST²  HGOI QGHI TGOT UM IOJTM OHM X Qô GSQTJGH














ã[³¶V³ã³ µ³ ´÷ ê¶$³ µ¶â[³

QRSI LMI KQLKOLI POJ RSYKUMHT  HGOI G·GHI POM IJ HGOI GOLGHI X GHTSMS LQ KGHMS
WMHKM UM LQ X YTGUM YLQV GSYM  HGOI UMGHI X GHTSMS LQ KGHMSWMHKM MH HGSX M L(2) UM LQ
KGOSV M UYSJYM 





∥∥∥C ′(s)− C˜ ′(s)∥∥∥2
2


























Q KGOSV M UYSJYM Q YTY GVTMHOM RQS OHM IRLJHM IOS LQ IRSM y
±
MI KGOSV MI Q·QHT YTY
QIIM² R MO YTOUJYMI  QOKOH SYIOLTQT UM KGHMSWMHKM H Q YTY RSGOY  HGTSM KGHHQJIIQHKM y
±
M
R MHUQHT  MH G·QHT LM KGXRGSTMX MHT UMI MSSMOSI MH GHKTJGH UO HGXVSM UM KQRTMOSI

UQHI
LQ RQSTJM POJ IOJT

MT UO QJT POM KMI KGOSV MI IGHT GVTMHOMI RQS QHQLGWJM UMI IRLJHMI UQHI
LM RLQH POJ GHT  MLLMI  UMI RSGRSJYTYI UM KGHMSWMHKM  HGOI R GOGHI IORRGIMS PO OHM TMLLM
RSGRSJYTY MIT MHJIQWMQVLM y
z JHIJ  IJ HGOI IORRGIGHI QGJS OHM KGHMSWMHKM UMI IRLJHMI IOS LQ IRSM  HGOI QOSGHI
QLGSI KGHMSWMHKM UM LQ X YTGUM UM SMKGHITSOKTJGH y zŁH UM ô OWMS UO KQSQKTSM KGHMSWMHT
UM KMTTM X YTGUM  HGOI QLLGH I RQS LQ IOJTM YTOUJMS L YGLOTJGH UMI MSSMOSI MH GHKTJGH UO
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í SMRSYIMHTM LQ KGOSV M
TMITYM y
x





























GOSV M YLJKGTUQLM  SQ·GH QSJQVLM
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SSMOSI R GOS LQ KGOSV M YLJKGTUQLM  SQ·GH QSJQVLM
úlÎÎgopcqfgi

GOI GVTMHGHI IOS KMI UJì YSMHTI MMXRLMI OHM SQR JUM UYKSGJIIQHKM UMI
MSSMOSI MH GHKTJGH UO HGXVSM UM KQRTMOSI  POJ HGOI R MSX MT UM UJSM POM HGOI R GOGHI
GVTMHJS UM TSI V GHHMI SMKGHITSOKTJGHI  RQSTJS U OH HGXVSM QIIM² QJV LM UM KQRTMOSI MT
HGOI LQJIIM R MHIMS POM HGTSM X YTGUM IQTJIQJT LMI KSJTSMI UM KGHMSWMHKM y
è
G a
ê³´Jê³ ³ ÷[³ µ³ µãã³ $¶êâ³
{GOT KGXXM RGOS LMI KGOSV MI RLQHMI  HGOI QLLGHI GJS JKJ POMLPOMI MMXRLMI UM UGHHYMI
VSOJTYMI  IGJT QO HJMQO UMI QLMOSI UMI KQRTMOSI  IGJT QO HJMQO UM LMOS R GIJTJGHHMX MHT y




GOI QLLGHI JKJ VSOJTMS LMI QLMOSI UMI KQRTMOSI y
±
MI KQRTMOSI HGOI UGHHMHT UMI MKTMOSI TQHWMHTI OHJTQJSMI y zŁH UM VSOJTMS LMI QLMOSI UM
KMI MKTMOSI 

QŁH POM KMI MSSMOSI UM QLMOSI QJMHT OH IMHI RQS SQRR GST  LQ SYQLJTY

 HGOI
QLLGHI UYKGXRGIMS KMI MKTMOSI MH RQSQX YTSJIQTJGH IRYSJPOM  MT HGOI QLLGHI VSOJTMS LMI UMO
QHWLMI UM KMTTM RQSQX YTSJIQTJGH IRYSJPOM QMK OH VSOJT WQOIIJMH UM X G·MHHM HOLLM MT UM
QSJQHKM QSJQVLM









MI UGHHYMI IMSGHT KGHHOMI  ±k¹  KMLQ IJWHJŁM POM LMI
UMO QHWLMI IMSGHT VSOJTYI QMK OHM QSJQHKM UM σ = k. pi3.180 .
G·GHI KM POM HGOI GVTMHGHI
R GOS KMSTQJHMI KGOSV MI TMITI y
±
QPOM R GJHT UM X MIOSM U MSSMOS MIT GVTMHO MH X G·MHHQHT 10
MSSMOSI IOS 10 KGOSV MI VSOJTYMI UM X XM QSJQHKM y

GOI KQLKOLGHI JKJ IMOLMX MHT LMI MSSMOSI









G·GHI TGOT U QV GSU OH SYIO LTQT UM KGOSV M GVTMHO QMK ]
_
KQRTMOSI MT UMI QLMOSI UM KQRTMOSI KGHHOMI  ±10¹ RSI GJS  ¾
 åyó_  L MSSMOS UM SM






































MKGHITSOKTJGH VSOJTYM R GOS LQ IRLJHM
Z

*+,-./ 0 12.3+- 565758,-9 *32.: -/ 0
12.3+- 3-126473.57- c S83753 ;- ;266>-4 626 +3.57>-49 *½-37/ 0 12.3+- 3-126473.57- c S 83753
;- ;266>-4 +3.57>-4
GJKJ LMI SYIOLTQTI POM HGOI GVTMHGHI R GOS LQ X XM VQTTMSJM UM TMITI POM R GOS LMI KGOSV MI







KQRTMOSI R GOS LMI VSOJTI
IOJQHTI  {1¹, 2¹, 4¹, 6¹, 8¹, 10¹, 15¹} y L · Q UGHK Z KGOSV MI U MSSMOSI R GOS UMI VSOJTI QLLQHT
UM ±1¹  ±15¹ GJS  ¾
 åyó å y










Erreur de position globale en % pour le test 1
































G·GHI JKJ LM UMOJX M MMXRLM  QMK TGOT U QV GSU OH
QR MSO JIOML U OH SYIOLTQT GVTMHO QMK ]
_





































MKGHITSOKTJGH VSOJTYM R GOS LQ KGOSV M MSX YM  *+,-./ 0 12.3+- 565758,-9 *32.: -/ 0
12.3+- 3-126473.57- c S83753 ;- ;266>-4 626 +3.57>-49 *½-37/ 0 12.3+- 3-126473.57- c S 83753
;- ;266>-4 +3.57>-4








KQRTMOSI  LMI SYIOLTQTI IGHT



















Erreur de position globale en % pour le test 2

















SSMOS MH GHKTJGH UMI MSSMOSI UMI QLMOSI KQRTMOSI R GOS LQ KGOSV M MSX YM
úlÎÎgopcqfgi

GOI G·GHI IOS KMI MMXRLMI POM HGOI GVTMHGHI UMI KGOSV MI LJIIMI

















MSSMOSI KSGJIIMHT QIIM² QJV LMX MHT MH GHKTJGH UM LQ QSJQHKM UM L MSSMOS  MT LMI MSSMOSI
UYKSGJIIMHT QIIM² JTM MH GHKTJGH UO HGXVSM UM KQRTMOSI y

GOI MH UYUOJIGHI QJHIJ POM LQ
X YTGUM MIT QIIM² SGVOITM JI JI UO VSOJT  MT POM LM HGXVSM UM KQRTMOSI KGXRMHIM LMOSI
MSSMOSI UM RSYKJIJGH y






GOI QLLGHI JKJ VSOJTMS LQ R GIJTJGH UMI KQR









G·GHI TGOT U QV GSU OH SYIO LTQT UM KGOSV M GVTMHO QMK ]
_
KQRTMOSI MT UMI R GIJTJGHI UM KQRTMOSI KGHHOMI  ±10% RSI GJS  ¾
 åyóó   L MSSMOS UM

























MKGHITSOKTJGH VSOJTYM R GOS LQ IRLJHM
Z

 *+,-./ 0 12.3+- 56 5758,-9 *32.: -/ 0
12.3+- 3-126473.57- c S83753 ;- ;266>-4 626 +3.57>-49 *½-37/ 0 12.3+- 3-126473.57- c S 83753
;- ;266>-4 +3.57>-4

GOI QJIGHI LMI X XMI TMITI POM R GOS LMI KGOSV MI RLQHMI  HGOI QJIGHI QSJMS L QXRLJ








KQRTMOSI R GOS LMI VSOJTI UM R GIJTJGH I IOJQHTI 
{1%, 2%, 4%, 6%, 8%, 10%, 15%} y L · Q UGHK Z KGOSV MI U MSSMOSI R GOS UMI VSOJTI QLLQHT UM

















Erreur de position globale en % pour le test 1
























klhfm g ÊgfÎ vg
G·GHI UQHI OH RSMX JMS TMXRI OH SYIOLTQT GVTMHO QMK ]
_
KQRTMOSI MT UMI R GIJTJGHI UM KQRTMOSI VSOJTYMI  ±10% RSI IOS LQ ŁWOSM  ¾
 åyó & L MSSMOS


























MKGHITSOKTJGH VSOJTYM R GOS LQ KGOSV M MSX YM  *+,-./ 0 12.3+- 565758,-9 *32.: -/ 0
12.3+- 3-126473.57- c S83753 ;- ;266>-4 626 +3.57>-49 *½-37/ 0 12.3+- 3-126473.57- c S 83753
;- ;266>-4 +3.57>-4
x
MI MSSMOSI IGHT YWQLMX MHT KQLKOLYMI UQHI LMI X XMI KGHUJTJGHI POM R GOS LM TMIT RSYKY






























Erreur de position globale en % pour le test 2

















SSMOS MH GHKTJGH UMI MSSMOSI UMI R GIJTJGHI UMI KQRTMOSI R GOS LM TMIT ]
úlÎÎgopcqfgi

GOI G·GHI U QRSI KMI SYIOLTQTI POM HGOI GVTMHGHI UMI MSSMOSI
QIIM² QJV LMI  X XM RGOS UMI MSSMOSI QIIM² JXRGSTQHTMI

V MQOKGOR RLOI JXRGSTQHTMI POM




GHK HGOI GVTJMHUSGHI UM V GHHMI SMKGHITSOKTJGHI
QMK KMTTM X YTGUM y

GOI G·GHI YWQLMX MHT IOS KMI MMXRLMI POM R GOS UJX JHOMS L MSSMOS 
JL HGOI QOUSQ QOWX MHTMS LM HGXVSM UM KQRTMOSI











H KGHKLOIJGH UM KMTTM RQSTJM  HGOI R GOGHI UJSM POM HGOI QGHI RO YTMHUSM LQ X YTGUM
X JIM MH RLQKM R GOS LMI KGOSV MI RLQHMI  K MITUJSM SMKGHITSOJSM TGOT U QV GSU LQ UYSJYM UM
LQ GHKTJGH RQSQX YTSYM RQS L QVIKJIIM KOSJLJWHM  RO JI JHTYWSMS KMTTM GHKTJGH GVTMHOM RQS
OHM X YTGUM HOX YSJPOM y
x
Q SMKGHITSOKTJGH UM LQ UYSJYM Q QJT QRR ML  UMI SMKGHITSOKTJGHI
UM KGOSV MI IOS LQ IRSM y






 OH IMHI R·IJPOM

X JHJX JIQTJGH U OHM POQHTJTY QLLJQHT KGOSVOSM  QSJQTJGH UM




GOI QGHI YWQLMX MHT
UYX GHTSY UMI RSGRSJYTYI UM KGHMSWMHKM  MT YTOUJY POMLPOMI KGOSV MI U MSSMOS MH GHKTJGH
UO HGXVSM UM KQRTMOSI  MT UMI MSSMOSI R GIIJV LMI UGHHYMI RQS LMI KQRTMOSI  QŁH UM GJS LQ
SGVOITMIIM UM HGTSM X YTGUM y

QHI LQ IOJTM UM KM UGKOX MHT  HGOI QLLGHI JHIYSMS UMI KGHHQJIIQHKMI Q RSJGSJ IOS LMI
R GIJTJGHI UM LQ KGOSV M y
~
H MìMT  OHM UMI R MSIR MKTJMI UM KM TSQQJL MIT LM IOJJ UQHI LM TMXRI
UM GSX MI WYGX YTSJPOMI y

MO KGJ I GOSMHT  HGOI  IGJT  KQPOM RQI UM TMXRI HGOI
OTJLJIGHI LQ X YTGUM POM HGOI MHGHI UM GJS & IGJT HGOI OTJLJIGHI L JHGSX QTJGH UM R GIJTJGH
UM LQ KGOSV M QO TMXRI RSYKYUMHT y
±
MIT KMTTM UMSHJSM IGLOTJGH POM HGOI QLLGHI YTOUJMS UQHI
LQ RSGKQJHM IMKTJGH y
efghijkl m
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fi := f |[si,si+1]
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sk ≤ s ≤ sk+1
 ~  





3 − 3u2 + 1
ϕ1(u) = −2u3 + 3u2
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DPk = P˜k − Pk
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= a(t) + b1(t)x+ b2(t)y + b3(t)z +
ϕ′21 (t)
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 Ł~    ~~  
ku = 1
~


























~ ~  ~ŁŁ~ ~







~ Ł~ ~ Í~  ~ ~~
[ 1nv , 1]
~
[ 1nu , 1]

 ~ŁŁ~ ~ ~    Ł~ Ł  ~~ Ł~ ~ ~C ~ 
¤  ~C ~ ~~  ~   Ł~ ~  ~ ~  ~ 
    ~ ~ ~  ~    ~  ~ Ł~      
Ł~  Í~ ~   ~ ~~        C ~ ~ Ł  Í~
~~  Ł ~ 
 ~ ~ Ł~ Ł ~     Ł  ~
C






~ ~ ~  
f(a) = P0
f(b) = P1
f ′(a) = T0
f ′(b) = T1









~ Ł~  ~  
f˜(a) = P0
f˜(b) = P˜1
f˜ ′(a) = T0
f˜ ′(b) = T1
~ Ł~
L˜
 ~ ~   Ł~ ~
L

  Ł Ł~ ~ Ł  ~ ¡~ ~
ϕ1
 













D = P˜1 − P1
 ~ ~ Ł~ ~ ~~  
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ÑÒÑ








∥∥∥f˜ ′(t)∥∥∥ dt = ∫ b
a












∥∥f ′(t)∥∥ dt+ ∫ 1
0
∥∥∥ϕ′1(t).−→D∥∥∥ dt ≤ L+ ∥∥∥−→D∥∥∥
L˜− L ≤
∥∥∥−→D∥∥∥




∥∥f ′(t)∥∥ dt = ∫ b
a











  Ł~ ~  
∣∣∣L− L˜∣∣∣ ≤ ∥∥∥−→D∥∥∥ ï ;
 ~ ~  ~   Ł~ ~ ~   ~ ~~ 
~   Ł Ł~ ~   Ł ~ ~ Ł  ~ Ł~ ~ Ł~ Ł~ ~
   ~ ~ ~ ~ Ł  Ł 

















































 ~ ~  ~  ~   ~ ~~ ~ ~ ~  ~ ~  ~
~  ~    ~~ ~   ~ Ł~  ~  Ł~    ~ŁŁ~
~  ~  Ł   ~ ~  Ł >~~ ~ ~    Ł~ Ł
~   Ł~ ~  ~ ~ Ł~ ~ ~   ~ ~ ~   
~ ~ä  Ł~  Ł~  ~  Ł~  ~~   ~ Ł  ~ ~
Ł ~  Ł~  ~
;
 ~   Ł~ 
ÑÒÒ Ó
úûóøýÔôüûÔ ÷óø ùú ýüôòöûúý
~ ~  ~ ~  ~ ~ ~~    Ł ~ ~ Ł
~ ~ ~  ~~ Ł   ŁŁ ~~ Ł~    
~~ ~ ~ ~ Ł ~ ~ Ł~  ~ ~~    ~ ~ ~  ¢



























î Ł~  ~ ~~   E     ~ ~   Ł~ 
 ~ ~ ~  ~ Ł~   ~ ~~  ~     ~ Ł~ Ł~  . 
ŁŁ ~~  ~ ~ ~ ~ŁŁ~  ~ ~ ~ Ł ~~  ~ ~   ~
~ ~ ~ ~~ Ł~ ~ ~ Ł~  Ł  Ł ~ ß  ~
 Ł Ł~    ŁŁ Ł~ Ł  ~  ~ ~ ¡~ ~ 
 ŁŁ ~~  ~ ~ ~  ~  ~ ~ Ł ~   ~  ~
~   ~ ~  Ł ~ ~  ~ ¡~ ~ 






























Ł~ ~   ~ 
Pku,kv
~Ł ~ Ł~ ~~  ~   Ł~
Ł~ ~ Ł~   ~  ~ ~ 

























C ′1(a1) = T1,0

,
C ′1(b1) = T1,1
 










C ′2(a2) = T2,0

,
C ′2(b2) = T2,1
 
 ~ Ł~    ~ 
Q = C2(b2) = C1(b1)
~ŁŁ~ ~ Ł Ł~








~    Í~
~ ~ ~    ~ ~  ~  Ł~ 
































































, a2 < v < b2
~
h1 = b1 − a1
h2 = b2 − a2.
î Ł Ł  Ł ~ ~  Ł~  
Q
~ Ł   ~ ~  Ł ~
  ~ ~  ~ Ł~  
Q = (x, y, z)

D
~ Ł~ ~ ~ Ł~ ŁŁ E   Ł ~ Ł   ~  ~












(x− xq1)2 + (y − yq1)2 + (z − zq1)2
)  ï ;

























‖Q1‖2 + 2ϕ′2 〈Q1, T1,0〉+ 2ϕ′3 〈Q1, T1,1〉
)










































































úûóøýÔôüûÔ ÷óø ùú ýüôòöûúý
î Ł~ ~ ~  Ł~ ~ ~  ~ ~ ~ ~ ~
~ ß ~ŁŁ~    ~ ~  .Ł  ~ ~  ~ Ł ~   ŁŁ












 ŁŁ   ~  
∫ b1
a1
∥∥C ′′1∥∥2 = h1 ∫ 1
0
(













































































































(x− xq1)2 + (y − yq1)2 + (z − zq1)2
) 
1 = Ssimp







(x− xq2)2 + (y − yq2)2 + (z − zq2)2
) 
 ~  Ł~    ~~
Q = (x, y, z)
 î ß Ł ~~ ~ ~




 ~    ~ ~~  ~    Ł~    ~~
 ~ ~  ~ ~  
ñúüá ÷âõú ûöý  úý ùóøøãúý ýóøÔ ùöøý üøú ýúüú ù÷ôúûÔ ÷óø
ÑÒ<
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ﬃ¢  ~ ~    ~~  ~ ~  ~ ~  
 ~ ~ ~ ~ ~ ~Ł~  ŁŁ~ ~  ~  Ł  Í~ ~   ~
~ ~   ~ ~ ~ ~~  Ł~ ~ ~    ~





   ~ ~ ~ ~ Ł~ Ł  ~  Ł~  Ł~   ~ 
~ Ł  ŁŁ~ ~   ~ ~ Ł~ ~ ~ ~~ ~ Ł~







 ~ ð    ŁŁ ~~ ~~ Ł~  ~  Ł ~ ~ 
 ~ ~ ~~ ~ Ł~  ~ ~ ~ Ł ~ 
u

 ~ ï   ~  ~ Ł~  ~  Ł ~ ~ ~ Ł~ ~
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v
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T
u
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 ~ ~ ~  ~
































 ~     Ł  ~
Cu0 (v)
~ Ł~ ~ ~ 
~ ~
Lu0(i), i = 0, ..., nv − 1
ÑÒ Ó
úûóøýÔôüûÔ ÷óø ùú ýüôòöûúý
~ Ł~ ~ ~ ~~
T u0 (kv), kv = 0, ..., nv.
   Ł~ Ł  ~ ~ ~ ~  ~ ~ ~ 
Ł~ ~ ~ ~ 
  Ł Ł~   ~  ~ ~ Ł~  ~
(










, kv = 0, ..., nv.
ïð
 ò
    ~ ~~ Ł~  ~
(
Cvkv(u), kv = 0, ..., nv
)
~ Ł~ ~
~  ~ ~
Lvkv(ku), kv = 0, ..., nv, ku = 0, ..., nu − 1
~ Ł~ ~ ~~ŁŁ~
T vkv(ku), ku = 0, ..., nu.
~  ~  ~~ ~ Ł  ~ ~   ~Ł ~ ~ ~ ~
~ 








, ku = 1, ..., nu, kv = 1, ..., nv
    ~ ~~ ~ ~~ Ł~  ~  Ł ~ ~ 
































 ~  ~~
(
Cuku(v), ku = 1, ..., nu
)
~ ~ ~
~   ~ ~~ 

~ ~~  ~  Ł~ ~  ~ Ł~   ~






= Pku,kv , ku = 1, ..., nu, kv = 0, ..., nv
î Ł~ Ł ~ ~ Õ Ł~  
 ~  ~
C(t)
 ~~  
0 ≤ t ≤ 1    ~ŁŁ~  Ł~ ~
~   ~ ~~ ~
n+ 1




n i = 0, ..., n
 
C(ti) = Pi, i = 0, ..., n





 ŁŁ Ł~ ~   Ł ~ ~ ¡~ ~   ~  ~  
C(t) = Piϕ0 (nt− i) + Pi+1ϕ1 (nt− i) + λiTiϕ2 (nt− i) + λi+1Ti+1ϕ3 (nt− i)











λi, i = 0, ..., n
 ~  ŁŁ  ~ ~ 
  ~ Ł ~~ ~ Ł  ~  
min
∫ ‖C ′′‖2 .
∫ 1
0















∥∥Piϕ′′0 (u) + Pi+1ϕ′′1 (u) + λiTiϕ′′2 (u) + λi+1Ti+1ϕ′′3 (u)∥∥2 du






i + Ciλiλi+1 +Diλ
2
i+1 + Eiλi+1 + Fi
~






































 ~   ~ ~  ~   ~~  Ł~  ~  
∇
(∫ ∥∥C ′′∥∥2) =

A0 + 2B0λ0 + C0λ1




Cn−2λn−2 + En−2 + 2Dn−2λn−1 +An−1 + 2Bn−1λn−1 + Cn−1λn
Cn−1λn + 2Dn−1λn + En−1

 ~  ¢ ~ Ł~   ~ Ł~ ~~




















2Bn−1 + 2Dn−2 Cn−1
Cn−1 2Dn−1











úûóøýÔôüûÔ ÷óø ùú ýüôòöûúý

~ ¢ ~ ~ ~ Ł~    ~ ~ Ł ~ ~ ~ ~~ 
~
λi,
 ~  ~  ~    ~ Ł ~~ 
 ~ ~ Ł~  ~  Ł ~  ~ ~ ~ ~~  ~ 
 ~   ~ ~Ł   ~Ł     ~ ~
Ł 
' åû ü

















]× [ kvnv , kv+1nv ]
)






















































   ~ ~  ŁŁ  
  ~ ŁŁ~ Ł ~
S(u, v)
     ~ ~  
CN (u) = S(u, 0)

CS(u) = S(u, 1)

CO(v) = S(0, v)

CE(v) = S(1, v)

































î ~    ŁŁ Ł~ ~  ~  Ł~    Ł ~  
~ ~  ~ ~    
S(u, v) = SNS(u, v) + SOE(u, v)− Sb(u, v)
ï ð
~ŁŁ~ ~
SNS(u, v) = F
v




SOE(u, v) = F
u








1 (u) P00 + F
u
2 (u) P10)
+ F v2 (v) (F
u




 Ł ~  ~  Ł~ ð  ~ ¡~ ~  







F v1 (v) = 1− 3u2 + 2u3;F v2 (v) = 3u2 − 2u3

 ~ ~  ~ 
G1
 ~  ~    ~  ~ ¡~ ~
~  ~ŁŁ~ ~ ~ 
 ~  ~ ~ ~   Ł~ ~ ~ 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(u, v) ∈ [0, 1]× [0, 1]
x(u, v)y(u, v)
z(u, v)
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Erreur de position du point d’arrivée en %





Erreur de longueur en %







Erreur de position totale des courbes en %
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ŁŁ~   ~~ ~ Ł Ł ~  
 
(u, v) ∈ [−4, 4]× [−4, 4]
x(u, v) = u
y(u, v) = v
z(u, v) = sin(u+ sin(v))
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Erreur de position du point d’arrivée en %







Erreur de longueur en %






Erreur de position totale des courbes en %
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tnmmn  ~   ~~ ~ ~  Ł&~ ¢ ~ Ł~ 
  ~ Ł ~  
 
(u, v) ∈ [−5, 5]× [−8, 8]
x(u, v) = 4u
y(u, v) = 3v
z(u, v) = u2 − v2
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Erreur de position du point d’arrivée en %







Erreur de longueur en %







Erreur de position totale des courbes en %
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~  ~ ~  ~   ~ 
P00 = (1, 1,−2)
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XY Z[\]^_`Y _`\^_Y a\ bcYd_^ef gY a\ `YZefd_`cZ_^ef \c Zec`d gc _Yh]d g icfY dc`j\ZY
Yf gkje`h \_^ef l mecd gYnefd \^fd^ `Y_`ecnY` o Z[\bcY ]\d gY _Yh]d a\ je`h Y g icfY
dc`j\ZY d\_^dj\^d\f_ aYd geffkYd gYd Z\]_Yc`d l
@
fY ] edd^p ^a^_k dY`\^_ gY `kc_^a^dY` a\
h k_[egY ncY g\fd aY Z[\]^_`Y ]`kZkgYf_ q h \^d ZYa\ f iYd_ ]\d cfY h k_[egY e]_^h \aY l
r
f YC Y_ q d^ fecd `kdch efd a\ h k_[egeaes^Y gY `kdeac_^ef gc ]`epath Y ]ec` cf uaY_ gY
Z\]_Yc`d q fecd gYnefd gkuf^` cf ]`Yh ^Y` `kdY\c q aY h eg^uY` ] ec` `YZ\aY` aYd Zec`p Yd
Y_ Zefd_`c^`Y a\ dc`j\ZY l
r
_\f_ geffk bcY fecd Zeff\^ddefd a\ ] ed^_^ef gY a\ dc`j\ZY
o a i^fd_\f_ ]`kZkgYf_ q fecd \nefd gkE o cf `kdY\c ^f^_^\a bcY fecd ] ecnefd gkje`h Y`
] ec` bc i^a d\_^dj\ddY aYd fecnYaaYd Zef_`\^f_Yd jec`f^Yd ]\d aYd Z\]_Yc`d l
mecd \aaefd \^fd^ gkuf^` cfY fecnYaaY h k_[egY gY dc^n^ gY gkje`h \_^ef gY dc`j\ZYd
g\fd aY _Yh]d q bc^ Zefd^d_Y g\fd cf ]`Yh ^Y` _Yh]d o gkje`h Y` aY `kdY\c gY Zec`p Yd
Zeffc o a i^fd_\f_ ]`kZkgYf_ vfecd \nefd gkE o p Y\cZec] g iec_^ad o fe_`Y g^d] ed^_^ef q
ncd fe_\hhYf_ ae`d gc dc^n^ gY gkje`h \_^ef gY Zec`p Yd q eß ae`d gYd `YZ\a\sYd gY
`kdY\cw ]ec` a\ `YZefd_`cZ_^ef gY dc`j\ZYdx q ]c^d fecd gkuf^`efd a\ dc`j\ZY bc^ d i\]y
]c ^Y dc` aY fecnY\c `kdY\c gY Zec`p Yd Z\aZcak v\nYZ a\ h ÍhY h k_[egY bcY g\fd aY
Z[\] ^_`Y ]`kZkgYf_x l
mecd ^aacd_`Y`efd aYd h k_[egYd ]\` gYcw YwYh]aYd gY dc`j\ZYd Yf h ecnYh Yf_ q bcY
fecd Z\`\Z_k`^dY`efd ]\` a ik_cgY gYd Y``Yc`d ep_YfcYd l
Ñà
z{||}~
  H bNO K Ł NKŁ  ŁNJ                   c
   R R                            
S
  R R V ¡¢ £ ¤ ¥  R ¥R          
W
  R   ¤ ¥  R                 ¦
  § ¨ ¥  ¢                           ©
ª
  « ¤ ¥  «¬¢  «  ¡  « ¤¡­
   ¤                       ®
¯
  «   ¤ ¥  «¬¢              ®
 ° ±Ł²³                                 ´µ
 §  ¶                                   ¦·
ª
 ¨¤ ¤ ¸ ¡ « ¹  º « «          ¦§
¯
 ¨¤ ¤ ¸ ¡ «  ¥  ¢          ¦
 § § ¶ §                                  ¦¦
ª


















         © 
 » ¼²Ł                                ½»
¾¿ÀÁÂÃÄÔ ÅÁÆ ÇÈ Â¿ÉÊÄÈ ÇÊ ËÁÈÂ7ÊÉ
ÑÌÍ
mecd \aaefd ^Z^ fecd ^f_k`YddY` \c dc ^n ^ gY gkje`h \_^ef g icfY dc`j\ZY q _ec_ ZehhY fecd
a i\nefd k_cg^k ] ec` aY ]`epath Y gY `YZefd_`cZ_^ef gYd Zec`p Yd l Î \fd aY Z\d gY `YZefd_`cZy
_^ef g icfY dc`j\ZY q fecd dc]]edefd bc iYf ]acd gY a\ Zeff\^dd\fZY gYd geffkYd \Zbc^dYd ]\`
cf dÏd_th Y gY Zec`p Yd dc` a\ dc`j\ZY vgeffkYd _\fsYf_^YaaYd Y_ `k]\`_^_^ef gYd Z\]_Yc`dx q
fecd Zeff\^ddefd a\ ] ed^_^ef gY a\ dc`j\ZY o a i^fd_\f_ ]`kZkgYf_ l
Ð
\ dc`j\ZY k_\f_ gk_Y`h ^fkY ]\` def `kdY\c gY Zec`p Yd q fecd \aaefd ]`eZkgY` gY a\
h \f^t`Y dc^n\f_Y Ñ fecd \aaefd gkje`h Y` aY `kdY\c gY Zec`p Yd Yf jefZ_^ef gY a\ ] ed^_^ef o
a i^fd_\f_ ]`kZkgYf_ Y_ gYd fecnYaaYd geffkYd _\fsYf_^YaaYd q ]c^d fecd Z`kY`efd a\ fecnYaaY
dc`j\ZY \nYZ a\ h k_[egY gY Xeefd q Zehh Y fecd a i\nefd j\^_ g\fd aY Z[\]^_`Y ]`kZkgYf_ l
Ò









mecd Z[Y`Z[efd cf fecnY\c `kdY\c gY Zec`p Yd{




C˜vkv(u), kv = 0, ..., nv
}
]`eZ[Yd gY a i\fZ^Yf `kdY\c
{




Cvkv(u), kv = 0, ..., nv
}
bc^ d\_^dj\^_ aYd fecnYaaYd Zef_`\^f_Yd geffkYd ]\` aYd Z\]_Yc`d l
Ð
Yd geffkYd \Zbc^dYd gky
] YfgYf_ gc dÏd_th Y gY h Ydc`Y bcY fecd c_^a^defd vu aY_ gY geffkYd ec `cp\fd ^fd_`ch Yf_kd
g\fd cfY dYcaY g^`YZ_^ef x q fecd \aaefd gefZ `kdecg`Y ^fgk] Yfg\hh Yf_ ZYd gYcw ]`epath Yd l
ç æèæè äåæçè éç éêëëìçí





Cuku(v), ku = 0, ..., nu
}
def_ _\fsYf_Yd \cw nYZ_Yc`d





aYd g^d_\fZYd Zc`n^a^sfYd aY aefs gYd Zec`p Yd
{






(ku, kv + 1)
def_ gY





Cvkv(u), kv = 0, ..., nv
}
def_ _\fsYf_Yd \cw nYZ_Yc`d
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aYd g^d_\fZYd Zc`n^a^sfYd aY aefs gYd Zec`p Yd
{






(ku + 1, kv)
def_ gY
Lvkv(ku), ku = 0, ..., nu − 1
l
• mecd Z[Y`Z[efd aY fecnY\c `kdY\c bc^ ge^_ d\_^dj\^`Y aYd h ÍhYd geffkYd gY g^d_\fZYd




C˜uku(v), ku = 0, ..., nu
}
ge^nYf_ Í_`Y _\fsYf_Yd \cw nYZ_Yc`d







C˜vkv(u), kv = 0, ..., nv
}
ge^nYf_ Í_`Y _\fsYf_Yd \cw nYZ_Yc`d





fY deac_^ef dY`\^_ gY `kdecg`Y ^fgk] Yfg\hh Yf_ ZYd ]`epath Yd ] ec` Z[\bcY Zec`p Y
ZehhY fecd a i\nefd `kdeac g\fd aY Z[\]^_`Y gY gkje`h \_^ef gY Zec`p Yd l XY] Yfg\f_ q fecd
f iep_^Yfg`^efd ]\d gY `kdY\c jY`h k q ZY gef_ fecd \nefd p Yde^f ] ec` Z`kY` a\ dc`j\ZY bc^
d i\]]c^Y dc` _ec_Yd ZYd Zec`p Yd l òa fecd j\cg`\^_ \ae`d c_^a^dY` cfY gYd h k_[egYd gY jY`h Yy
_c`Y gY `kdY\c gef_ fecd \nefd ]\`ak g\fd aY Z[\]^_`Y ]`kZkgYf_ q ZY bc^ fY dY`\^_ ]\d cfY
j\Õef e]_^h \aY gY `kdecg`Y aY ]`epath Y l
mecd \aaefd e]_Y` ^Z^ ] ec` a\ Z`k\_^ef g icf `kdY\c jY`h k gtd aY gk]\`_ l mecd \aaefd \^fd^
Z[Y`Z[Y` cf fecnY\c `kdY\c gY Zec`p Yd ]`eZ[Y gY a i\fZ^Yf q bc^ d\_^dj\^_ aYd Zef_`\^f_Yd gY
aefscYc` Y_ gY _\fsYf_Yd q Y_ je`h Y cf YfdYhpaY gY Zec`p Yd jY`h k l
Ò
eÏefd ZYZ^ Yf gk_\^a
























ef_ ZehhY Zef_`\^f_Y aYd geffkYd _\fsYf_^YaaYd Y_ gYd geffkYd gY g^d_\fZYd Zc`n^a^sfYd
^f_Y`yZ\]_Yc`d l
XYd gYcw Zec`p Yd def_ Zefd_`c^_Yd \nYZ gYd Zef_`\^f_Yd ]`e]`Yd Y_ ^fgk] Yfg\f_Yd gYd
\c_`Yd geffkYd l mecd aYd `YZefd_`c^defd \ae`d ^fgk] Yfg\hhYf_ gYd \c_`Yd Ñ fecd c_^a^defd
a\ h k_[egY gY gkje`h \_^ef gY Zec`p Yd ncY ae`d gc Z[\]^_`Y dc` aYd gkje`h \_^efd gY Zec`p Yd l
mecd \aaefd Z`kY` a\ fecnYaaY Zec`p Y
C˜u0 (v)
g\fd a\ p\dY gYd jefZ_^efd gY  Y`h ^_Y Ñ




.T˜ u(0, kv)ϕ2(nv.v − kv) + 1
nv








≤ v ≤ kv+1nv
l
Ð
Yd ^fZeffcYd def_ ^Z^ aYd
{
P˜kv , kv = 1, ..., nv
}
]ed^_^efd
gYd ] e^f_d gYd Z\]_Yc`d l mecd Zeff\^ddefd ZY] Yfg\f_ aYc` ] ed^_^efd \c _Yh]d ]`kZkgYf_












Yd ^fZeffcYd dY`ef_ gk_Y`h ^fkYd ]\` `kdeac_^ef gYd Zef_`\^f_Yd gY aefscYc` h e`ZY\c
]\` h e`ZY\c Y_ h ^f^h ^d\_^ef g ikfY`s^Y v`Yne^` a\ gkh \`Z[Y gY Z\aZca gY a\ dYZ_^ef  l l
]\sY x l
mecd ep_Yfefd ]\` ZY__Y h k_[egY a\ gkuf^_^ef gY a\ Zec`p Y
C˜u0 (v)
he`ZY\c ]\` h e`y
ZY\c l òa Yf dY`\ gY h 	hY ]ec` a\ Zec`p Y
C˜v0 (u)
l
m ecd \nefd \^f d^ aYd ] e^f_d gY gk]\`_ gY _ec_Yd aYd \c_`Yd Zec`p Yd gc `kdY\c q aYd ] e^f_d










, ku = 1, ..., nu






















mecd gYnefd o ]`kdYf_ `YZefd_`c^`Y aYd \c_`Yd Zec`p Yd gc `kdY\c
{




C˜vkv(u), kv = 1, ..., nv
}











, ku = 1, ..., nu, kv = 1, ..., nv,
Y_ d\Z[\f_ bc iYaaYd def_ ]`eZ[Yd gYd Zec`p Yd o a i^fd_\f_ ]`kZkgYf_ l X iYd_ Yw\Z_Yh Yf_ aY h 	hY
]`epath Y bcY ae`d gc `YZ\a\sY gc `kdY\c \nYZ Zef_`\^f_Yd gY aefscYc` q Z iYd_yoyg^`Y bcY fecd
Zefd_`c^defd aYd Zec`p Yd h e`ZY\c ]\` h e`ZY\c q Yf Z[Y`Z[\f_ aYd ] e^f_d g i^f_Y`dYZ_^ef gc
`kdY\c decd a\ Zef_`\^f_Y gY ZefdY`n\_^ef gYd aefscYc`d ^f_Y`yZ\]_Yc`d l
Ò






























aYc` fecnY\c ]e^f_ g i\``^nkY Zehhcf
P˜ku,kv
_Ya bcY aYc`d _\fsYf_Yd \cw Yw_`kh ^_kd q aYc`
aefscYc` Y_ aYc` ] e^f_ gY gk]\`_ de^Yf_ uwkd l
Ð









= P˜ku,kv−1 .ϕ0(t) + P˜ku,kv .ϕ1(t)









= P˜ku−1,kv .ϕ0(t) + P˜ku,kv .ϕ1(t)
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Ð
i^fZeffcY Yd_ aY ] e^f_ g i\``^nkY Zehhcf q
P˜ku,kv
q bc^ dY`\ gk_Y`h ^fkY ]\` aYd Zef_`\^f_Yd
gY aefscYc` gYd gYcw h e`ZY\cw gY Zec`p Yd q Y_ ]\` cfY h ^f^h ^d\_^ef g ikfY`s^Y v`Yne^` aYd
gk_\^ad g\fd dYZ_^ef  l l Yf ]\sY x l
mecd ep_Yfefd \^fd^ cf `kdY\c gY Zec`p Yd `YZ\ak q d\_^dj\^d\f_ aYd Zef_`\^f_Yd gY aefy
scYc`d ^f_Y`yZ\]_Yc`d q Y_ aYd geffkYd _\fsYf_^YaaYd \cw ]e^f_d gYd Z\]_Yc`d l mecd ] ecnefd
gkuf^` a\ dc`j\ZY deac_^ef ]\` a\ h k_[egY gY `Yh]a^dd\sY gY Xeefd l
mecd \aaefd o ]`kdYf_ `kdecg`Y aY ]`epath Y g\fd aY Z\d e aY dÏd_th Y g i\Zbc^d^_^ef
bcY fecd c_^a^defd f iYd_ ]acd cf uaY_ gY Z\]_Yc`d q h \^d Yd_ dYcaYh Yf_ Zefd_^_ck gY `cp\fd
^fd_`ch Yf_kd g\fd a\ h 	hY g^`YZ_^ef l
ç æèæó ëí åëíè
8
çëèìí
• î^ aY dÏd_th Y g i\Zbc^d^_^ef Yd_ Zefd_^_ck gY `cp\fd ^fd_`ch Yf_kd g\fd a\ h 	hY g^`YZy




Cuku(v), ku = 0, ..., nu
}
def_ _\fsYf_Yd \cw nYZ_Yc`d





aYd g^d_\fZYd Zc`n^a^sfYd aY aefs gY a\ Zec`p Y {Cu0 (v)}





Lu0(kv), kv = 0, ..., nv−1
vfecd fY Zeff\^ddefd a\ `k]\`_^_^ef gYd
Z\]_Yc`d bcY ] ec` a\ ]`Yh ^t`Y Zec`p Y g\fd ZY__Y g^`YZ_^ef Ñ Z iYd_ a\ Zec`p Y bc^ a^Y aYd




Cvkv(u), kv = 0, ..., nv
}
def_ _\fsYf_Yd \cw nYZ_Yc`d





aYd g^d_\fZYd Zc`n^a^sfYd aY aefs gYd Zec`p Yd
{






(ku + 1, kv)
def_ gY
Lvkv(ku), ku = 0, ..., nu − 1.
• mecd Z[Y`Z[efd aY fecnY\c `kdY\c bc^ ge^_ d\_^dj\^`Y aYd h 	hYd geffkYd gY g^d_\fZYd




C˜uku(v), ku = 0, ..., nu
}
def_ _\fsYf_Yd \cw nYZ_Yc`d







C˜vkv(u), kv = 0, ..., nv
}
def_ _\fsYf_Yd \cw nYZ_Yc`d







\ h k_[egY gY `YZefd_`cZ_^ef gY ZY `kdY\c gY Zec`p Yd gkje`h k n\ dY gk`ecaY` Yf gYcw
k_\] Yd Ñ _ec_ g i\p e`g `YZefd_c^`Y aYd Zec`p Yd bc^ ef_ gYd Zef_`\^f_Yd gY aefscYc` q ]c^d Z`kY`
aYd \c_`Yd Zec`p Yd o ]\`_^` gYd ]`kZkgYf_Yd l
ó  ôõö÷øùú ûüý ùþõüý ûùõüý ûùú÷ ﬀüý õﬁöõ÷ø÷øùúý ûü öﬁ÷üþõý
ýùú÷ ùúúþüý
mecd \aaefd _ec_ g i\p e`g Z`kY` aYd Zec`p Yd bc^ ef_ gYd Zef_`\^f_Yd gY aefscYc` q Z iYd_y






C˜vkv(u), kv = 0, ..., nv
}
l m ecd Z`kefd _ec_ g i\p e`g
C˜u0 (v)
q










, kv = 0, ..., nv
Y_ fecd `YZefd_`c^defd \ae`d aYd Zec`p Yd
{




Yd Zec`p Yd ] YcnYf_ 	_`Y `YZefd_`c^_Yd ^fgk] Yfg\hhYf_ aYd cfYd gYd \c_`Yd q Z\` fY dY
Z`e^dYf_ ]\d Ñ fecd c_^a^defd a\ h k_[egY ncY ae`d gY a\ gkje`h \_^ef gY Zec`p Y ncY g\fd a\
dYZ_^ef  l l Yf ]\sY  q Y_ bcY fecd c_^a^d^efd ks\aYh Yf_ ] ec` aYd gYcw Zec`p Yd gY p e`g












mecd gYnefd o ]`kdYf_ `YZefd_`c^`Y aYd Zec`p Yd g\fd a i\c_`Y dYfd \uf gY Z`kY` cf `kdY\c
gY Zec`p Yd jY`h k Ñ fecd Zeff\^ddefd aYd geffkYd _\fsYf_^YaaYd \^fd^ bcY aYd ] ed^_^efd gYd
Z\]_Yc`d vs`ﬂZY o a\ Z`k\_^ef gYd Zec`p Yd g\fd a i\c_`Y dYfdx l mecd ]`eZkgefd Yw\Z_Yh Yf_
gY a\ h 	hY j\ﬃef bcY ] ec` a\ Z`k\_^ef gc `kdY\c ^f^_^\a Ñ fecd Z[Y`Z[efd aYd Zec`p Yd g\fd
a\ p\dY gYd jefZ_^efd gY  Y`h ^_Y q \nYZ gYd ZeY Z^Yf_d bcY fecd Z[Y`Z[efd Yf h ^f^h ^d\f_
a ikfY`s^Y dc` Z[\bcY h e`ZY\c gY Zec`p Y vZY bc^ `Yn^Yf_ o `kdecg`Y cf dÏd_th Y a^fk\^`Yx l
mecd \n^efd gk_\^aak ZY__Y h k_[egY g\fd a\ dYZ_^ef  l

l Yf ]\sY  l
m ecd ep_Yfefd \ae`d cf `kdY\c gY Zec`p Yd jY`h k Ñ fecd ] ecnefd \]]a^bcY` aYd h k_[egYd




mecd \aaefd ^Z^ d^hcaY` cfY dc`j\ZY Yf gkje`h \_^ef l mecd fY d^hcaefd ]\d aYd gkje`y
h \_^efd \nYZ Zef_`\^f_Yd gY aefscYc` gYd Zec`p Yd q gefZ o Z[\bcY ]\d gY _Yh]d q fecd
gYn`efd Z\aZcaY` Zehh Y geffkYd aYd geffkYd _\fsYf_^YaaYd Y_ aYd geffkYd gY `k]\`_^_^ef
Yf_`Y Z\]_Yc`d \gð \ZYf_d l XY] Yfg\f_ q fed h k_[egYd gY `kdeac_^ef fY d i\]]c^Yf_ ]\d dc` aYd
Zef_`\^f_Yd gY ZefdY`n\_^ef gY aefscYc`d q h \^d dc` a\ Zeff\^dd\fZY gYd aefscYc`d Ñ ZYa\ fY
fecd ] edY \ae`d ]\d gY ]`epath Y q fecd ] ecnefd h 	hY g^`Y bcY d^ Yf nY`d^efd `kYaaYd gY
]`e_e_Ï] Yd q fecd ] ecnefd \ne^` a\ Zeff\^dd\fZY g ik_^`Yh Yf_ gc dÏd_th Y q fe_`Y \ase`^_[h Y
d i\]]a^bcY`\^_ d\fd ]`epath Y l
%
Z[\bcY ]\d gY _Yh]d q fecd \aaefd \ae`d d^hcaY` aYd geffkYd gYd Z\]_Yc`d vgeffkYd
_\fsYf_^YaaYdx q Y_ aYd `k]\`_^_^efd gYd Z\]_Yc`d l &c^d fecd \]]a^bcY`efd fed gYcw h k_[egYd
'(
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gY `YZefd_`cZ_^ef dYaef aY dÏd_th Y g i\Zbc^d^_^ef Z[e^d^ vu aY_ gY Z\]_Yc`d q ec `cp\fd ^fd_`cy
h Yf_kd g\fd cfY dYcaY g^`YZ_^ef x l mecd Z\aZcaY`efd aYd Y``Yc`d gY `YZefd_`cZ_^ef bcY fecd
\nefd gkð \ Yw]a^Z^_kYd g\fd aY Z[\]^_`Y ]`kZkgYf_ Ñ Y``Yc` gY aefscYc` h eÏYffY gYd Zec`p Yd
`YZefd_`c^_Yd dc` a\ dc`j\ZY q Y``Yc` gY ] ed^_^efd gYd Z\]_Yc`d q Y_ Y``Yc` gY  \cdge`) l
* +, +- .çíè -
&ec` aY ]`Yh ^Y` _Yd_ q fecd gkje`h efd a\ dc`j\ZY gYd n\scYd e aY ]\`\h t_`Y
t
gkZ`^_ a\
dc`j\ZY Yf jefZ_^ef gc _Yh]d vfecd `YZ\aefd aY
z
\uf gY _ecð ec`d \ne^` aY ] e^f_ gY gk]\`_
uwY dc` a\ dc`j\ZYx Ñ
] ec`





, k = 0, ..., 120.
xt(u, v) = u
yt(u, v) = v
zt(u, v) = sin(u+ t+ sin(v + t))− sin(−4 + sin(−2)) + sin(−4 + t+ sin(−2 + t))








mecd ep_Yfefd \ae`d cfY dkbcYfZY gY   ^h \sYd l
Ò
eÏefd aYd kneac_^efd gY ZY__Y dc`j\ZY









Îkje`h \_^ef gY a\ dc`j\ZY 
mecd ^fd_`ch Yf_efd ZY__Y dc`j\ZY ]\` cf `kdY\c gY










òfd_`ch Yf_\_^ef gY a\ dc`j\ZY 
&ec` aY ]`Yh ^Y` dÏd_th Y g i\Zbc^d^_^ef bc^ Yd_ aY u aY_ q fecd \nefd \ae`d aYd Zeff\^dy
d\fZYd gYd aefscYc`d ^f_Y`yZ\]_Yc`d g\fd aYd gYcw g^`YZ_^efd l
r
f ZY bc^ ZefZY`fY aYd `cp\fd
^fd_`ch Yf_kd q fecd \c`efd

`cp\fd ^fd_`ch Yf_kd gY  Z\]_Yc`d Z[\Zcf l
















mecd \]]a^bcefd ] ec` a\ dc`j\ZY ^f ^_^\aY a\ `YZefd_`cZ_^ef \nYZ a\ jY`h Y_c`Y gc `kdY\c
]\` Zef_`\^f_Yd gY aefscYc` q ]c^d fecd h eg^uefd aY `kdY\c Yf gkje`h \_^ef \nYZ a\ h k_[egY
gk_\^aakY g\fd ZY Z[\]^_`Y e fecd Z[Y`Z[efd aY fecnY\c `kdY\c d\_^dj\^d\f_ aYd Zef_`\^f_Yd
_\fsYf_^YaaYd Y_ gY `k]\`_^_^ef gYd Z\]_Yc`d l
Ò
e^Z^ g\fd aY _\paY\c /
Ä0 1
l aYd `kdca_\_d
n^dcYad ep_Yfcd ] ec` aYd h 	hYd k_\] Yd bcY ae`d gY a\ gYdZ`^]_^ef gY a\ dc`j\ZY Yf h ecnYh Yf_ l
mecd neÏefd dc` a\ s\cZ[Y a\ dc`j\ZY ^f ^_^\aY \nYZ def `kdY\c gY Z\]_Yc`d q Y_ dc` a\ g`e^_Y








c^n^ gY gkje`h \_^ef gY a\ dc`j\ZY  s`ﬂZY \c u aY_ gY Z\]_Yc`d
Ð
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Erreur de longueur totale en %




:;< =>>?@> A? BCDE@?@> A?F GC@>H ?F >?GCDFI>@JI?F








Erreur de positions des capteurs en %




:H < =>>?@> A? KCFJIJCDF A?F G;KI?@>F










Erreur de Hausdorff en %









Îkje`h \_^ef _Yd_  Ñ
r
``Yc`d gY `YZefd_`cZ_^ef \nYZ aY u aY_ gY Z\]_Yc`d
mecd ] ecnefd gkgc^`Y ]acd^Yc`d kakh Yf_d o ]\`_^` gY ZYd `kdca_\_d l
Ð
Y ]`Yh ^Y` kakh Yf_
bcY fecd neÏefd Za\^`Yh Yf_ Yd_ aY j\^_ bcY NOP OQQORQP S O TQUVPP OSW XYP OS Z USTWVUS [R WO\X P
XYPP] Ñ ZYa\ nYc_ g^`Y bcY a\ h k_[egY gY dc^n ^ gY gkje`h \_^ef fY g^nY`sY ]\d q fecd f i\c`efd
\ae`d ]\d p Yde^f gY `YZ\a\sY \nYZ a\ h k_[egY ^f^_^\aY l ÎY ]acd q aYd Y``Yc`d gY aefscYc` def_
_`td j\^p aYd Ñ a\ h k_[egY `Yd] YZ_Y p^Yf aYd Zef_`\^f_Yd gY aefscYc` l
r
fuf q Yf ZY bc^ ZefZY`fY
aYd Y``Yc`d gY ] ed^_^efd gYd Z\]_Yc`d Y_ aYd Y``Yc`d gY  \cdge`) q fecd ZefdY`nefd gY p efd




]ec` a\ ] ed^_^ef




]ec` a iY``Yc` gY  \cdge`) x l
mecd ] ecnefd \^fd^ g^`Y bcY a\ h k_[egY gknYae]] kY geffY gY p efd `kdca_\_d ae`dbcY




  5üùúý÷õþ÷øùú 6 ﬁöõ÷øõ ûü õþöúý øúý÷õþüú÷ý
Ò
eÏefd o ]`kdYf_ aYd `YZefd_`cZ_^efd ep_YfcYd ae`dbcY fecd g^d] edefd g icfY j\h ^aaY gY
`cp\fd ^fd_`ch Yf_kd g\fd a\ h 	hY g^`YZ_^ef l mecd n^dc\a^defd aYd `kdca_\_d ] ec` aYd h 	hYd
k_\] Yd bcY ] ec` aY _Yd_ ]`kZkgYf_ vne^` /
Ä0 1
lx l
mecd j\^defd usc`Y` g\fd a\ usc`Y 2
Å3 1
l aYd g^) k`Yf_Yd Y``Yc`d Z\aZcakYd \c Zec`d gc
_Yh]d l









Erreur de longueur totale en %




:;< =>>?@> A? BCDE@?@> A?F GC@>H ?F >?GCDFI>@JI?F











Erreur de positions des capteurs en %




:H < =>>?@> A? KCFJIJCDF A?F G;KI?@>F







Erreur de Hausdorff en %









Îkje`h \_^ef _Yd_  Ñ
r
``Yc`d gY `YZefd_`cZ_^ef \nYZ aYd `cp\fd ^fd_`ch Yf_kd
'Ì






c^n^ gY gkje`h \_^ef gY a\ dc`j\ZY  s`ﬂZY \cw `cp\fd ^fd_`ch Yf_kd
XYd `kdca_\_d fecd h ef_`Yf_ ks\aYh Yf_ ^Z^ bcY a\ h k_[egY fY g^nY`sY ]\d vfecd ep_Yfefd
aYd h 	hYd Y``Yc`d o a\ uf gY a\ gkje`h \_^ef bc i\c gkpc_ ae`dbcY a\ dc`j\ZY \ `Y]`^d d\
je`h Y ^f^_^\aYx l
Ð
Yd Y``Yc`d gY aefscYc` def_ ]acd kaYnkYd bcY ] ec` a\ h k_[egY ]`kZkgYf_Y q









Yd Y``Yc`d gY ] ed^_^efd gYd Z\]_Yc`d Y_ aYd Y``Yc`d gY  \cdge`)
def_ bc\f_ o YaaYd gc h 	hY e`g`Y bcY ] ec` a\ h k_[egY ]`kZkgYf_Y gY u aY_ gY geffkYd l
ÎefZ fecd ] ecnefd \cdd^ g^`Y bcY ZY__Y h k_[egY Yd_ d\_^dj\^d\f_Y dc` ZY_ YwYh]aY l
Ò
eÏefd aYd `kdca_\_d ep_Yfcd ] ec` cf gYcw ^th Y YwYh]aY l
* +, +, .çíè ,
&ec` ZY gYcw ^th Y _Yd_ q fecd c_^a^defd cfY dc`j\ZY gY ^ k_ ^Y` q Y_ fecd a\ gkje`h efd Yf
gk]a\ﬃ\f_ ZY`_\^fd ] e^f_d gY Zef_`` aY l
Ð
Yd ] e^f_d gY Zef_`` aY dY gk]a\ZYf_ Yf jefZ_^ef gc
]\`\h t_`Y
t
gY a\ j\ﬃef dc^n\f_Y vfecd gkje`h efd a\ dc`j\ZY ]c^d a\ `Ygkje`h efd g\fd aY
dYfd ^fnY`dY \uf gY `Y_`ecnY` a\ ] ed^_^ef ^f^_^\aYx Ñ
&ec`
t = k10 , k = 0, ..., 20
]c^d




























































mecd ep_Yfefd \ae`d cfY dkbcYfZY gY

 ^h \sYd l
Ò
eÏefd aYd kneac_^efd gY ZY__Y dc`j\ZY












Îkje`h \_^ef gY a\ dc`j\ZY 































]]a^bcefd ^Z^ a\ `YZefd_`cZ_^ef gY gkje`h \_^efd Yf dc]]ed\f_ bcY fecd \nefd cf uaY_
gY geffkYd gY Z\]_Yc`d q Z iYd_yoyg^`Y e fecd \nefd aYd geffkYd _\fsYf_^YaaYd \^fd^ bcY aYd
`k]\`_^_^efd Zc`n^a^sfYd Yf_`Y aYd Z\]_Yc`d \gð \ZYf_d l
Ò
e^Z^ g\fd aY _\paY\c /
Ä0 1
lc aYd
`kdca_\_d n^dcYad ep_Yfcd ] ec` aYd h 	hYd k_\] Yd bcY ae`d gY a\ gYdZ`^]_^ef gY a\ dc`j\ZY Yf
h ecnYh Yf_ l mecd neÏefd dc` a\ s\cZ[Y a\ dc`j\ZY ^f ^_^\aY \nYZ def `kdY\c gY Z\]_Yc`d q Y_
dc` a\ g`e^_Y a\ `YZefd_`cZ_^ef \nYZ def `kdY\c `YZefd_`c^_ l
a(






c^n^ gY gkje`h \_^ef gY a\ dc`j\ZY  s`ﬂZY \c u aY_ gY Z\]_Yc`d
Ð













x 10−3 Erreur de longueur totale en %




:;< =>>?@> A? BCDE@?@> A?F GC@>H ?F >?GCDFI>@JI?F











Erreur de positions des capteurs en %




:H < =>>?@> A? KCFJIJCDF A?F G;KI?@>F








Erreur de Hausdorff en %









Îkje`h \_^ef _Yd_  Ñ
r
``Yc`d gY `YZefd_`cZ_^ef \nYZ aY u aY_ gY Z\]_Yc`d
XYd Zec`p Yd g iY``Yc` def_ dÏh k_`^bcYd Ñ ZYa\ h ef_`Y bcY aYd OQQORQP []X OS[OSW [O NY
Z UQ\ O [O NY PRQZ YTO OW SUS [O NY Z YdUS [US W US N e Y UfWOSROl
Ð
\ h k_[egY gY dc^n ^ gY
gkje`h \_^ef fY g^nY`sY ]\d Yf jefZ_^ef gc _Yh]d dc` ZY_ YwYh]aY l Î Y ]acd q fecd neÏefd
bcY aYd Y``Yc`d ep_YfcYd def_ _`td j\^p aYd vgY a ie`g`Y gY
10−3
]ec` aYd Y``Yc`d gY aefscYc` q
h e^fd gY
1%
g iY``Yc` ] ec` a\ ] ed^_^ef gYd Z\]_Yc`d q Y_ h e^fd gY
2%























eÏefd o ]`kdYf_ aYd `YZefd_`cZ_^efd ep_YfcYd ae`dbcY fecd g^d] edefd g icfY j\h ^aaY gY
`cp\fd ^fd_`ch Yf_kd g\fd a\ h 	hY g^`YZ_^ef l mecd n^dc\a^defd aYd `kdca_\_d ] ec` aYd h 	hYd










c^n^ gY gkje`h \_^ef gY a\ dc`j\ZY  s`ﬂZY \cw `cp\fd ^fd_`ch Yf_kd
mecd j\^defd usc`Y` g\fd a\ usc`Y 2
Å3 1













Erreur de longueur totale en %
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Erreur de positions des capteurs en %




:H < =>>?@> A? KCFJIJCDF A?F G;KI?@>F








Erreur de Hausdorff en %









Îkje`h \_^ef _Yd_  Ñ
r
``Yc`d gY `YZefd_`cZ_^ef \nYZ aYd `cp\fd ^fd_`ch Yf_kd
mecd ep_Yfefd \nYZ ZY__Y h k_[egY gYd `kdca_\_d d^h ^a\^`Yd o ZYcw ep_Yfcd ]\` a\ h ky







mecd \nefd Zefd\Z`k ZY__Y ]\`_^Y \c dc^n ^ gY gkje`h \_^ef gY dc`j\ZY g\fd aY _Yh]d l mecd
\nefd \^fd^ ]c \ð ec_Y` \cw Zef_`\^f_Yd geffkYd ]\` aYd dÏd_th Yd gY Z\]_c`Y gY je`h Y a\
geffkY gY a\ dc`j\ZY \c h eh Yf_ ]`kZkgYf_ Yf d\Z[\f_ bcY a\ fecnYaaY dc`j\ZY k_\^_ ]`eZ[Y
gY a\ ]`kZkgYf_Y l mecd \n^efd \c ]`k\a\paY gknYae]] k gYd ec_^ad gY dc^n ^ gY gkje`h \_^ef gY
Zec`p Yd q \^fd^ bcY gY `YZefd_`cZ_^ef gY `kdY\cw gY Zec`p Yd decd Zef_`\^f_Yd gY aefscYc`d
^f_Y`yZ\]_Yc`d l
XYd h k_[egYd dY gk`ecaYf_ Yf gYcw k_\] Yd Ñ fecd gkje`h efd _ec_ g i\p e`g aY `kdY\c gY
Zec`p Yd q ]c^d fecd Z`kefd a\ dc`j\ZY bc^ d i\]]c^Y dc` ZYd Zec`p Yd \nYZ aYd h k_[egYd gY `Yh y
]a^dd\sY gY Xeefd l &ec` a\ gkje`h \_^ef gc `kdY\c gY Zec`p Yd q fecd \nefd gknYae]] k gYcw
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g^)k`Yf_Yd h k_[egYd vdYaef aY dÏd_th Y gY Z\]_c`Y gY je`h Y gef_ fecd ] ecnefd g^d] edY` q
de^_ cf u aY_ gY Z\]_Yc`d q de^_ cfY j\h ^aaY gY `cp\fd gY Z\]_Yc`dx q h k_[egYd bc^ `kc_^a^dYf_
aYd g^) k`Yf_Yd p`^bcYd h ^dYd Yf jcn`Y g\fd aYd Z[\]^_`Yd ]`kZkgYf_d l
r
f Y)Y_ q d^ fecd \nefd cf uaY_ gY Z\]_Yc`d q fecd `YZefd_`c^defd aYd gYcw Zec`p Yd gY
p e`g dYaef aYd h k_[egYd gY gkje`h \_^ef gY Zec`p Yd q ]c^d fecd Z`kefd cf `kdY\c gY Zec`p Yd
jY`h k decd Zef_`\^f_Yd gY aefscYc` ]`eZ[Yd gc `kdY\c ^f^_^\a l
r
_ d^ fecd g^d] edefd g icfY
j\h ^aaY gY `cp\fd ^fd_`ch Yf_kd q fecd `YZefd_c^defd aYd `cp\fd ^f d_`ch Yf_kd ]\` a\ h k_[egY
gY gkje`h \_^ef gY Zec`p Yd q ]c^d fecd Z`kefd aYd Zec`p Yd gY a i\c_`Y g^`YZ_^ef Yw\Z_Yh Yf_ gY
a\ h 	hY h \f^t`Y bcY ] ec` ep_Yf^` a\ dc`j\ZY ^f ^_^\aY l
mecd \nefd _Yd_k ZYd h k_[egYd dc` gYcw YwYh]aYd q dc` aYdbcYad fecd \nefd ]c ðcsY`
gY aYc` Y Z\Z^_k q \nYZ gYd Y``Yc`d bc^ fY g^nY`sY\^Yf_ ]\d g icfY ]\`_ q h ef_`\f_ bcY aYd
h k_[egYd f i\n\^Yf_ ]\d p Yde^f gY `YZ\a\sY q Y_ gYd Y``Yc`d _`td j\^p aYd g i\c_`Y ]\`_ q h ef_`\f_
^Z^ bcY fecd ] ecn^efd ep_Yf^` gY _`td p effYd dc`j\ZYd `kdca\_d l
k
cdbc io ]`kdYf_ q fecd \nefd gknYae]] k aYd ec_^ad gY `YZefd_`cZ_^ef gY Zec`p Yd Y_ gY
dc`j\ZYd q _\f_ Yf d_\_^bcY bc iYf gkje`h \_^ef q Y_ fecd aYd \nefd Z\`\Z_k`^dk dc` gYd YwYh]aYd
d^hcakd l mecd \aaefd g\fd a\ gY`f^t`Y ]\`_^Y gY ZY geZch Yf_ fecd e`^Yf_Y` dc` aY Z`_k _YZ[y
feaes^bcY gY ZY__Y _[tdY q o d\ne^` bcYad def_ aYd ec_^ad _YZ[feaes^bcYd bc^ fecd ] Y`h Y__Yf_
g i\ne^` gYd geffkYd _\fsYf_^YaaYd gY Zec`p Yd ec gY dc`j\ZYd q Zehh Yf_ aYd c_^a^dY` q bcYad
def_ aYd ]`e_e_Ï] Yd bc^ ef_ k_k gknYae]] kd q Y_ Yfuf bcYad `kdca_\_d gY `YZefd_`cZ_^ef fecd
ep_Yfefd \nYZ fed \ase`^_[h Yd l
lmnopoqr s t umvos
w T U x yO zQUOPQ{R U P T W| R {z { } Q~V T U
bc
  
 y zŁŁ{    W|  {z { }Ł~V  
XY Z[\]^_`Y Yd_ Zefd\Z`k \c `k\a^d\_^efd j\^_Yd ] ec` c_^a^dY` Y_ _Yd_Y` aYd \asey
`^_[h Yd bcY fecd \nefd gknYae]] kd g\fd ZY h \fcdZ`^_ l mecd gk_\^aaY`efd g\fd cf
]`Yh ^Y` _Yh]d aYd g^nY`d Z\]_Yc`d bcY fecd ] ecnefd c_^a^dY` Y_ aYc` \ddeZ^\_^ef \uf
gY Zeff\_`Y aYd geffkYd _\fsYf_^YaaYd gef_ fecd \nefd p Yde^f ] ec` `YZefd_`c^`Y aYd
Zec`p Yd ec aYd dc`j\ZYd dc` aYdbcYaaYd fecd g^d] edefd aYd Z\]_Yc`d l &c^d q fecd nY``efd
aY `cp\f bc^ \ k_k `k\a^dk Zehh Y gkh efd_`\_Yc` l
r
fuf q fecd epdY`nY`efd aYd `kdca_\_d
gY `YZefd_`cZ_^ef ep_Yfcd \nYZ ZY ]`e_e_Ï] Y ] ec` a\ `YZefd_`cZ_^ef _\f_ gYd Zec`p Yd
]a\fYd Y_ s\cZ[Yd bcY gYd dc`j\ZYd l
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XY Z[\]^_`Y h ef_`Y aYd \]]a^Z\_^efd _YZ[feaes^bcYd gc _`\n\^a gY `YZefd_`cZ_^ef gY
Zec`p Yd Y_ dc`j\ZYd o ]\`_^` gY geffkYd _\fsYf_^YaaYd bcY fecd \nefd gknYae]] k _ec_ \c
aefs gY ZY h \fcdZ`^_ l mecd \nefd `k¡kZ[^ o a ika\p e`\_^ef g icf ]`e_e_Ï] Y Z\]\paY gY jec`f^`






eÏefd g\fd cf ]`Yh ^Y` _Yh]d ZehhYf_ ^a fecd Yd_ ] edd^p aY g iep_Yf^` gYd geffkYd
_\fsYf_^YaaYd o ]\`_^` gY h ^Z`eZ\]_Yc`d l




ò Zefﬃe^_ gY]c^d gY fehp`YcdYd \ffkYd gYd Z\]_Yc`d gY geffkYd _Y``Yd_`Yd q bc^
def_ \^fd^ Z\]\paYd gY dY ske`kjk`YfZY` l Î Yc de`_Yd gY Z\]_Yc`d def_ gknYae]] kd l mecd
\nefd g icfY ]\`_ aYd h ^Z`ey\ZZkak`eh t_`Yd q bc^ def_ gYd Z\]_Yc`d dYfd^p aYd o a i\ZZkak`\_^ef q
^ad jec`f^ddYf_ \^fd^ a\ g^`YZ_^ef gc Z[\h] s`\n^_\_^effYa ae`dbcY fecd aYd c_^a^defd gY j\ﬃef
d_\_^bcY Ñ fecd \nefd \ae`d a\ Zeff\^dd\fZY gY a\ ] Yf_Y ]\` `\]] e`_ o a\ nY`_^Z\aY gY ZY Z\]y
_Yc` l mecd \nefd g i\c_`Y ]\`_ a\ ] edd^p ^a^_k g ic_^a^dY` gYd h ^Z`eyh \sfk_eh t_`Yd q bc^ geffYf_
gYd ^fje`h \_^efd g ie`^Yf_\_^ef ]\` `\]] e`_ \c Z[\h] h \sfk_^bcY _Y``Yd_`Y vae`dbcY \cZcfY
\c_`Y dec`ZY h \sfk_^bcY f iYd_ ]`eZ[Y gc Z\]_Yc`x l
XYd Z\]_Yc`d geffYf_ gYd n\aYc`d g\fd cf ^f_Y`n\aaY gY geffkYd Ñ a\ n\aYc` a\ ]acd kaYnkY
k_\f_ ae`dbc i^a Yd_ e`^Yf_k Y\Z_Yh Yf_ g\fd aY dYfd gc Z[\h] bc i^a h Ydc`Y v]\` YYh]aY q
cf \ZZkak`eh t_`Y ^hhep^aY geffY`\ d\ n\aYc` h \ ^h \aY ae`dbc i^a dY`\ e`^Yf_k nY`_^Z\aYh Yf_
nY`d aY p\dx q Y_ a\ n\aYc` h ^f^h \aY Yd_ ep_YfcY ae`dbc i^a Yd_ g\fd a\ g^`YZ_^ef e]]edkY \c
Z[\h] bc i^a h Ydc`Y v] ec` a i\ZZkak`eh t_`Y q ZYa\ dY ]`egc^_ gefZ ae`dbc i^a Yd_ Yf ] ed^_^ef
nY`_^Z\aY nY`d aY [\c_x l
%
^fd^ q Yf `kkZ[Yaeff\f_ aYd n\aYc`d Yf_`Y
1
Y_ −1 q fecd ] ecnefd ne^`
aYd Z\]_Yc`d ZehhY geff\f_ aYd n\aYc`d gY Zed^fcd gYd \fsaYd bc i^ad h Ydc`Yf_ Yf_`Y aYc`
]`e]`Y e`^Yf_\_^ef Y_ a\ g^`YZ_^ef gc Z[\h] bc i^ad h Ydc`Yf_ l
X[\bcY Z\]_Yc` v\ZZkak`eh t_`Y ec h \sfk_eh t_`Yx Y ^d_Y decd je`h Y h efe\ ^\aY vcf
Z\]_Yc` g\fd cfY dYcaY g^`YZ_^ef fecd geff\f_ \^fd^ a i\fsaY bc i^a j\^_ ]\` `\]] e`_ o def
Z[\h] gY `kjk`YfZYx q decd je`h Y p^\ ^\aY vgYc Z\]_Yc`d e`_[esef\c Yf_`Y Yc geffYf_
\^fd^ gYc n\aYc`d Z\]_Yc`dx q ec decd je`h Y _`^\ ^\aY vfecd \nefd cf _`^tg`Y e`_[esef\a gY
geffkYd Z\]_Yc`dx l
mecd gYnefd Zehp^fY` ]acd^Yc`d gY ZYd Z\]_Yc`d ] ec` \ne^` aYd geffkYd _\fsYf_^YaaYd
gef_ fecd \nefd p Yde^f l mecd \aaefd ne^` gYdbcYad fecd gYnefd fecd dY`n^` g\fd a\ dc^_Y l
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Ð
Y ]`epath Y ^Z^ Yd_ gY gk_Y`h ^fY` Zehp^Yf gY Z\]_Yc`d fecd \aaefd h Y__`Y Yf Z[\bcY
] e^f_ gY h Ydc`Y \uf g i\ne^` aYd ^fje`h \_^efd _\fsYf_^YaaYd gef_ fecd \nefd p Yde^f vh efey
\Y q p ^\Y ec _`^\Y q \ZZkak`eh t_`Yd Y_±ec h \sfk_eh t_`Ydx l mecd \aaefd dc]]edY` ^Z^ bcY
aYd Z\]_Yc`d g icf h 	hY ]e^f_ gY h Ydc`Y def_ ] edkd Y\Z_Yh Yf_ \c h 	hY Yfg`e^_ l
me_`Y ]`e_e_Ï] Y \ a\ je`h Y g icf `cp\f q fecd \c`efd \ae`d o `YZefd_`c^`Y a\ Zec`p Y bc^
je`h Y a i\Y gc `cp\f l % ^fd^ q ae`dbcY fecd kbc^] efd fe_`Y dÏd_th Y gY Z\]_Yc`d q fecd \c`efd
\ZZtd o gYd ^fje`h \_^efd ]acd ^h]e`_\f_Yd vo d\ne^` a i^fje`h \_^ef dc` aYd ]a\fd _\fsYf_dx
bcY d^ fecd \n^efd dYcaYh Yf_ cf ua ^fd_`ch Yf_k l
&ec` `YZefd_`c^`Y cfY Zec`p Y vbc^ Yd_ gkZ`^_Y ]\` cf `cp\f x q fecd \nefd p Yde^f gY
Zeff\_`Y aY nYZ_Yc` _\fsYf_ Yf Z[\bcY ] e^f_ gY h Ydc`Y vnYZ_Yc`
T








cp\f Y_ geffkYd o Y_`\^`Y
mecd \aaefd k_cg^Y` aY ]`epath Y ]ec` aYd gYc Z\d dc^n\f_d Ñ _ec_ g i\p e`g d^ aY `cp\f
`Yd_Y g\fd cf ]a\f nY`_^Z\a v^a fY gkZ`^_ \ae`d bc icfY Zec`p Y ] a\fYx q ]c^d ae`dbc i^a gkZ`^_ cfY










mecd dc]]edefd g\fd ZY__Y ]\`_^Y bcY aY `cp\f gkZ`^_ cfY Zec`p Y ]a\fY g\fd cf ]a\f





v]\` YYh]aY Yf g^`YZ_^ef gc fe`gx Y_
e2
nY`d aY [\c_ l
Ð







q Y_ aYd h \sfk_eh t_`Yd geffYf_ aYc` e`^Yf_\_^ef ]\` `\]] e`_ \c Z[\h]
h \sfk_^bcY bc^ Yd_ e`^Yf_k nY`d aY fe`g \nYZ cf \Y gY
60³
nY`d aY p\d vZY__Y g^`YZ_^ef
Ze``Yd] efg \c nYZ_Yc` _\fsYf_ \c a^sfYd gY Z[\h] ]\dd\f_ \c f^nY\c gc
45
y^th Y ]\`\aataYx q












Yd nYZ_Yc`d _\fsYf_d Z[Y`Z[kd def_ gYd nYZ_Yc`d cf^_\^`Yd Yf  g^h Yfd^efd q gefZ def_
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mecd gYnefd \^fd^ gk_Y`h ^fY` a i\fsaY
α
q neÏefd gY Zehp^Yf gY Z\]_Yc`d fecd \nefd
p Yde^f l
´µ¶¶·¸¹ º »¼¶ ½¾¾·¿·ÀµÁÂÃÀ¸ Áµ¶µ½Ä¸
î
^ fecd ]a\ﬃefd cf \ZZkak`eh t_`Y g\fd a i\Y
gc nYZ_Yc` _\fsYf_ q ^a n\ fecd geffY` a i\fsaY
γaT
q \fsaY geffk ]\` a i\ZZkak`eh t_`Y
(a)
]a\Zk
















ÎeffkY gY a i\ZZkak`eh t_`Y h efe\Y












− sinα = cos(γaT )
α = ±γaT −
pi
2
mecd neÏefd \]]\`\_`Y cfY ^fgk_Y`h ^f\_^ef e gYc Z[e^ def_ ] edd^p aYd Ñ Yf Y)Y_ q
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mecd gYnefd \ae`d \ð ec_Y` cf \c_`Y Z\]_Yc` l mecd \nefd gYc Z[e^ ]edd^p aYd Ñ de^_ \ð ecy
_Y` cf h \sfk_eh t_`Y g\fd a i\Y _\fsYf_ q de^_ \ð ec_Y` cf \ZZkak`eh t_`Y g\fd cfY g^`YZ_^ef
e`_[esef\aY l
´µ¶¶·¸¹ º »¼¶ ½¾¾·¿·ÀµÁÂÃÀ¸ Áµ¶µ½Ä¸ ¸Ã º »¼¶ Á½Å¶·ÃµÁÂÃÀ¸ Áµ¶µ½Ä¸
mecd
\ð ec_efd cf h \sfk_eh t_`Y g\fd a i\Y _\fsYf_ l mecd \ð ec_efd \ae`d o a\ `Ya\_^ef bcY fecd
\nefd s`ﬂZY o a i\ZZkak`eh t_`Y a\ geffkY gc fecnY\c Z\]_Yc`
γmT






































) = cos(γmT )




Yd gYc Z\]_Yc`d fecd geffYf_ Z[\Zcf  Z[e^ ]edd^p aYd bc^ def_ g^)k`Yf_d Ñ  dYcaY
deac_^ef dY`\ ZehhcfY q fecd neÏefd def ^aacd_`\_^ef dc` a\ usc`Y 2
Å3 1
c lc q e ]ec` a\ geffkY
gY
γaT











q h \^d dYca
T
Yd_ deac_^ef ZehhcfY Ñ Z iYd_ gefZ a\ deac_^ef gc
]`epath Y l


















òfje`h \_^efd \ZZkak`eh t_`Y Y_ h \sfk_eh t_`Y
mecd Z[e^d^ddefd gefZ a i\fsaY
α
gY a\ j\ﬃef dc^n\f_Y Ñ
d^
∣∣∣γaT − pi2 − γmT + pi3 ∣∣∣ < ε ec ∣∣∣γaT − pi2 + γmT + pi3 ∣∣∣ < ε \ae`d α = γaT − pi2 , vc lx
d^fef




´µ¶¶·¸¹ º »¼¶ ½¾¾·¿·ÀµÁÂÃÀ¸ Æ Ç½Ä¸ Ò
eÏefd o ]`kdYf_ ZehhYf_ fecd ] ecnefd Zeff\_`Y
a i\fsaY
α
o a i\^gY g icf \ZZkak`eh t_`Y p^\Y l mecd \nefd Yf ]acd gY a\ geffkY gY a i\fsaY
γaT
q




^ fecd fe_efd ZY nYZ_Yc` fe`h \a
N
q aY Z\]_Yc` geffY \ae`d a\ n\aYc`
γaN
q bc^
Yd_ dZ[kh \_^dk dc` a\ usc`Y 2
Å3 1


















deac_^efd l È ` q fecd d\nefd bcY aY Zec]aY
(T,N)
Zefd_^_cY cf `Y] t`Y g^y
`YZ_ q Y_ ]\`h ^ ZYd

Zec]aYd deac_^efd q  fY je`h Yf_ ]\d cf `Y] t`Y e`_[esef\a q Y_ ]\`h ^ aYd
Ì
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gYc Zec]aYd deac_^efd `Yd_\f_d q cf dYca geffY cf `Y] t`Y g^`YZ_ Ñ ZYZ^ fecd ] Y`h Y_ gY aYnY`
a i\hp^sc^_k l
mecd ] ecnefd gefZ Z[e^d^` a\ n\aYc` gY a i\fsaY
α




f Y) Y_ q fecd neÏefd bcY d^ aY nYZ_Yc`
T
dY d^_cY g\fd aYd bc\g`\f_d òò Y_ òòò vn\aYc`d gY
x
fks\_^nYdx \ae`d aY nYZ_Yc`
N





0 ≤ cos(γaN )
x l
r
_ g\fd a i\c_`Y Z\d v
T
g\fd aYd bc\g`\f_d ò
Ò
Y_ òx q fecd \c`efd
cos(γaN ) ≤ 0
l
% ^fd^ dYca aY d^sfY gY
cos(γaN )




0 ≤ cos(γaN )
\ae`d











&ec` a\ Zeff\^dd\fZY _e_\aY gY geffkYd _\fsYf_^YaaYd \uf gY `YZefd_`c^`Y
gYd Zec`p Yd ]a\fYd q fecd \nefd p Yde^f gY gYc n\aYc`d Z\]_Yc`d Yf cf ]e^f_ gY h Ydc`Y Ñ
de^_ cf \ZZkak`eh t_`Y h efe\Y g\fd a\ g^`YZ_^ef _\fsYf_^YaaY Zehp^fk o cf h \sfk_eh t_`Y









eÏefd o ]`kdYf_ bcYad Z\]_Yc`d def_ fkZYdd\^`Yd o a\ Zeff\^dd\fZY gYd nYZ_Yc`d _\fsYf_d
] ec` a\ `YZefd_`cZ_^ef gY Zec`p Yd s\cZ[Yd l Î \fd ZY Z\d q fecd gYnefd gk_Y`h ^fY` aYd nYZ_Yc`d
_\fsYf_d g\fd a iYd]\ZY
3D




 , x2 + y2 + z2 = 1.




nY`d aY fe`g q
e2
nY`d a iecYd_ Y_
e3
nY`d aY [\c_ l mecd ] ecnefd \^fd^ Y]`^h Y` fed
2
nYZ_Yc`d gY `kjk`YfZY Ñ aY nYZ_Yc` `Y]`kdYfy




 Y_ aY nYZ_Yc` `Y]`kdYf_\f_








m ecd \aaefd gkZ`^`Y ]\` a\ dc^_Y ]`es`Ydd^nYh Yf_ aYd Z\]_Yc`d bcY fecd c_^a^defd Y_ aYd
geffkYd bc i^ad jec`f^ddYf_ l




bcY j\^_ aY nYZ_Yc` _\fsYf_ Y_ a\ nY`_^Z\aY Ñ
T.A = cos(γaT )
z = − cos(γaT )




bcY j\^_ aY nYZ_Yc` _\fsYf_ Y_ a\ g^`YZ_^ef gc Z[\h] h \sfk_^bcY Ñ







z = cos(γmT )
x = 2 cos(γmT )−
√
3 cos(γaT )




Y_ fecd d\nefd bcY aY nYZ_Yc`
Yd_ cf^_\^`Y Ñ ^a fecd `Yd_Y gefZ
2




Y nYZ_Yc` Yd_ gY a\
je`h Y
z = − cos(γaT )





1− x2 − z2
Ð
Yd gYc Z\]_Yc`d h efe\Yd fY dc dYf_ ]\d Ñ fecd gYnefd \ð ec_Y` g i\c_`Yd Z\]_Yc`d l
mecd \aaefd \ð ec_Y` cf \ZZkak`eh t_`Y Y_ cf h \sfk_eh t_`Y g\fd cfY g^`YZ_^ef e`_[esef\aY
\c nYZ_Yc` _\fsYf_ l
´µ¶¶·¸ º »¼¶ ½¾¾·¿·ÀµÁÂÃÀ¸ Æ Ç½Ä¸ ¸Ã º »¼¶ Á½Å¶·ÃµÁÂÃÀ¸ ÆÇ½Ä¸
mecd \aaefd aYd
]a\ZY` g\fd aY ]a\f gc `cp\f q Yf g^`YZ_^ef e`_[esef\aY g^`YZ_Y ]\` `\]] e`_ o ZY ]a\f gc









cp\f \nYZ aYd Z\]_Yc`d p^\Yd
Ð
Yd ^fje`h \_^efd bcY fecd \c`efd Yf ]acd ^Z^ ZefZY`fYf_ aY nYZ_Yc`
N
q bc^ ] Yc_ fecd
\^gY` o aYnY` a i^fgk_Y`h ^f\_^ef gY
T














Yd Z\]_Yc`d ]a\Zkd g\fd a\ g^`YZ_^ef gY
T
fecd geffYf_ aYd `YfdY^sfYh Yf_d ncd g\fd
a\ ]\`_^Y ]`kZkgYf_Y q aYd gYc \c_`Yd Z\]_Yc`d fecd geffYf_ gYd ^fje`h \_^efd d^h ^a\^`Yd
a
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ZefZY`f\f_ aY nYZ_Yc`
N




x q Y_ fecd d\nefd bcY aYd
nYZ_Yc`d def_ e`_[esef\c Ñ
T =
x = 2 cos(γmT )−
√
3 cos(γaT )
y = ±√1− x2 − z2
z = − cos(γaT )
 ,
N =







1− x2N − z2N
zN = − cos(γaN )
 ,
x.xN + y.yN + z.zN = 0










de^Yf_ e`_[esef\c n\ ka^h ^fY` gYd ] edd^p ^a^_kd l
î
e^_
T1 = (x, y, z)
q Y_
N1 = (xN , yN , zN )
e`_[esef\c q vfecd \nefd a\ `Ya\_^ef
x.xN +
y.yN + z.zN = 0
x Y_ g\fd ZY Z\d q fecd \nefd
T2 = (x,−y, z)
Y_
N2 = (xN ,−yN , zN )
bc^
def_ \cdd^ e`_[esef\c v Z\`
x.xN + (−y).(−yN ) + z.zN = x.xN + y.yN + z.zN = 0)
Ñ
ZYd Zef_`\^f_Yd dc]]akh Yf_\^`Yd fY fecd ] Y`h Y__Yf_ ]\d gY gk_Y`h ^fY` a\ deac_^ef Ñ ^a Ï \
_ecð ec`d
2
deac_^efd ] edd^p aYd Ñ
d^

















mecd \nefd \ae`d p Yde^f gY geffkYd dc]]akh Yf_\^`Yd Ñ fecd \aaefd \ð ec_Y` cf Z\]_Yc`
g\fd a\ g^`YZ_^ef e`_[esef\aY \c gYc \c_`Yd \uf g iep_Yf^` gYd ^fje`h \_^efd dc` aYd _`e^d
\Yd g icf _`^tg`Y g^`YZ_ l
´µ¶¶·¸¹ º »¼¶ ½¾¾·¿·ÀµÁÂÃÀ¸ ÃÀÇ½Ä¸ ¸Ã º »¼¶ Á½Å¶·ÃµÁÂÃÀ¸ Æ Ç½Ä¸ Ð
Yd bc\_`Y Z\]y
_Yc`d c_^a^dkd fY ] Y`h Y__Yf_ ]\d gY gk_Y`h ^fY` aY Zec]aY deac_^ef q ^a fecd `Yd_Y YfZe`Y gYc
]edd^p ^a^_kd vaYd gYc Zec]aYd `Yd_\f_d k_\f_ gYd nYZ_Yc`d e`_[esef\c Yf_`Y Yc x l mecd









q fecd ] ec``efd ka^h ^fY`




f Y)Y_ q de^_
(T1 = (x, y, z), N1 = (xN , yN , zN ))
aY ]`Yh ^Y` Zec]aY deac_^ef l Î \fd ZY




d ikZ`^_ Zehh Y aY ]`egc ^_ nYZ_e`^Ya
B1 = T1 ∧N1
Y_ d\ _`e^d^th Y Zee`geffkY Yd_ \ae`d Ñ
zB1 = x.yN − y.xN .
Ð
Y gYc ^th Y Zec]aY deac_^ef Yd_
(T2 = (x,−y, z), N2 = (xN ,−yN , zN ))
q Y_ def nYZ_Yc`
B2
\ddeZ^k \ ] ec` _`e^d^th Y Zee`geffkY Ñ
zB2 = x.(−yN )− (−y).xN = −zB1 .
mecd ] ecnefd gefZ gk]\`_\sY` aYd gYc _`^tg`Yd deac_^efd ]\` a\ Zeff\^dd\fZY gc d^sfY
gY
zB




Y Z^fbc^th Y Z\]_Yc` \ð ec_k geffY a\ n\aYc`
γaB
q fecd \nefd _ec_Yd aYd geffkYd dc ^y
n\f_Yd Ñ












x = 2 cos(γmT )−
√
3 cos(γaT )
y = ±√1− x2 − z2
z = − cos(γaT )
 , N =







1− x2N − z2N
zN = − cos(γaN )

zB = − cos(γaB)
x.xN + y.yN + z.zN = 0
det(T,N,B) = 1
%




e`_[esef\c q fecd \nefd cfY Zeff\^dd\fZY gYd
2
deac_^efd










Y ]`egc^_ nYZ_e`^Ya fecd geffY cfY `Ya\_^ef Yf_`Y
zB




zB = xN .y − yN .x
%
^fd^ fecd Z\aZcaefd





q \ae`d fe_`Y [Ï] e_[tdY Yd_ Ze``YZ_Y
vfecd \nefd p^Yf
y > 0







mecd nYfefd gY ne^` bcY ] ec` Zeff\_`Y ]\`j\^_Yh Yf_ a\ geffkY _\fsYf_^YaaY
Yf cf ]e^f_ gY h Ydc`Y ] ec` a\ `YZefd_`cZ_^ef g icfY Zec`p Y g\fd a iYd]\ZY q fecd \nefd
p Yde^f gY c n\aYc`d Z\]_Yc`d Ñ gYd \ZZkak`eh t_`Yd g\fd aYd _`e^d \Yd gc _`^tg`Y Y_ gYd
h \sfk_eh t_`Yd g\fd aYd gYc \Yd gc ]a\f _\fsYf_ \c `cp\f l XYa\ fecd ] Y`h Y_ Yf j\^_ gY
Zeff\_`Y _ec_ aY _`^tg`Y \ddeZ^k \c ] e^f_ gY h Ydc`Y l
¦ +-+Í §ç ë ©êèêèÎ©ç
Ò
eÏefd o ]`kdYf_ aY ]`e_e_Ï] Y bc^ \ k_k `k\a^dk l XY `cp\f dec]aY fehhk Ï e`][e
î
YfdY q
g icfY a\`sYc` Yfn^`ef gY  ZYf_^h t_`Yd q \a_Y`fY  \ZZkak`eh t_`Yd _`^\Yd Y_  h\sfky
_eh t_`Yd p^\Yd _ecd aYd  qc ZYf_^h t_`Yd Yfn^`ef l mecd neÏefd dc` a\ ][e_e gY a\ usc`Y
4((
¿Ä ÅÉÄ ÅÁÆÉ ÊË«ÆÁÁ3 Å¬ÈÊÉ
2
Å3 1
c l aYd Z\]_Yc`d g\fd aY `cp\f vcf h \sfk_eh t_`Y Yd_ `Y] k`k ]\` cf ZY`ZaY `ecsY Y_ cf







YfdY Y_ dYd Z\]_Yc`d
mecd ] ecnefd ks\aYh Yf_ ne^` a\ nY`d^ef uf\aY gc `cp\f h ecak v`cp\f bc^ \ k_k ZecnY`_











&ec` a\ `YZefd_`cZ_^ef gY Zec`p Yd ]a\fYd q fecd \aaefd fecd dY`n^` gY a\ geffkY dYcaY
gYd \ZZkak`eh t_`Yd vfecd \nefd nc ]`kZkgYhhYf_ bcY a\ geffkY g icf \ZZkak`eh t_`Y p^\Y
dc d\^_x Ñ fecd dc]]edefd \ae`d bcY fecd g^d] edefd g icf `cp\f gY  ]e^f_d gY h Ydc`Y ve
ÐÊÉ Â¿ÉÈÄÉ Á0ÊÆÈÉ
4(
fecd c_^a^defd dYcaYh Yf_ gYc n\aYc`d \ZZkak`eh k_`^bcYd dc` aYd _`e^d Y_ fecd ^sfe`efd aYd
h \sfk_eh t_`Ydx q Y_ aYd Z\]_Yc`d def_ `k]\`_^d _ecd aYd c ZYf_^h t_`Yd l
&ec` a\ `YZefd_`cZ_^ef gY Zec`p Yd s\cZ[Yd q fecd \nefd p Yde^f gYd c geffkYd Z\]_Yc`d
Yf Z[\bcY ] e^f_ gY h Ydc`Y l È ` aYd  geffkYd \ZZkak`eh k_`^bcYd def_ Yf cf ]e^f_ gY h Ydc`Y
Y_ aYd  geffkYd h \sfk_eh k_`^bcYd def_ d^_ckYd \c ]e^f_d gY h Ydc`Y ne^d^fd l & acd^Yc`d
] edd^p ^a^_kd def_ Yfn^d\skYd l mecd \nefd Z[e^d^ gY Z`kY`  ]e^f_d gY h Ydc`Y dc` a\ Zec`p Y o
`YZefd_`c^`Y q \nYZ \c ]e^f_d gY h Ydc`Y \ZZkak`eh k_`^bcY aYd n\aYc`d h eÏYffkYd gYd n\aYc`d
h \sfk_eh k_`^bcYd ne^d^fYd Y_ aY Zef_`\^`Y \c n`\^d ] e^f_d gY h Ydc`Y h \sfk_eh k_`^bcY l
XY__Y _\Z_^bcY gY `YZefd_`cZ_^ef fY ] edY ]\d gY ]`epath Y g\fd aY dYfd e aYd Z\]_Yc`d def_
]`eZ[Yd aYd cfd gYd \c_`Yd q Y_ aY h \_k`^\c \ddY_ `^s^gY ] ec` bcY aYd n\aYc`d h eÏYffkYd de^Yf_
]`eZ[Yd gYd n\aYc`d `kYaaYd Yf ZYd ] e^f_d ne^d^fd l
%uf g ic_^a^dY` ZY `cp\f q fecd gYnefd aY Z\a^p`Y` q Z iYd_yoyg^`Y gk_Y`h ^fY` aYd n\aYc`d
Z\`\Z_k`^d_^bcYd gY Z[\bcY Z\]_Yc` ] ec` aYd `Yk_\aeffY` Yf_`Y −1 Y_ 1 vY_ \ne^` \^fd^ aYd
n\aYc`d gY Zed^fcd g i\fsaY gef_ fecd \nefd ]\`ak ]`kZkgYhhYf_x l mecd \nefd gkZ`^_ aYd
g^)k`Yf_Yd k_\] Yd gY a\ Z\a^p`\_^ef g\fd a i\ffYY Î l
¦ +-+* ­êë¨æíåêë
Ð
\ ]\`_^Y ]`kZkgYf_Y fecd \ ] Y`h ^d gY gk_Y`h ^fY` _YZ[feaes^bcYh Yf_ aYd ] edd^p ^a^_kd
] ec` \]]a^bcY` aYd \ase`^_[h Yd gY `YZefd_`cZ_^ef gY Zec`p Yd o ]\`_^` gY geffkYd _\fsYfy
_^YaaYd l mecd \nefd gk_Y`h ^fk aYd Z\]_Yc`d gef_ fecd \n^efd p Yde^f q aYd ec_^ad ] ec` ep_Yf^`
aYd geffkYd _\fsYf_^YaaYd vZ\a^p`\_^ef gYd Z\]_Yc`d q Y_ je`hcaYd \f\aÏ_^bcYd ] ec` \ne^` `kYay
aYh Yf_ aYd geffkYd _\fsYf_^YaaYdx q Y_ fecd \nefd gkZ`^_ aY `cp\f ]`e_e_Ï] Y bc^ \ k_k Z`kk o
]\`_^` gY ZYd `k¡Y ^efd l
mecd ] ecnefd o ]`kdYf_ c_^a^dY` Ï e`][e
î
YfdY ] ec` gkZ`^`Y aYd Zec`p Yd g\fd a iYd]\ZY l
























uf gY _Yd_Y` a\ n\a^g^_k gc ]`e_e_Ï] Y c_^a^dk q fecd \nefd j\p`^bck cf s\p\`^_ \Ï\f_
a\ je`h Y g icfY d^fcdeÒgY l
%
^fd^ q fecd ] ecnefd Zeh]\`Y` aY `kdca_\_ gY `YZefd_`cZ_^ef gc











mecd \nefd ] edk aY `cp\f gc`\f_ ]acd^Yc`d dYZefgYd dc` aY s\p\`^_ q aY `cp\f ]`Yf\f_ gYd
h Ydc`Yd gY j\ﬃef Zef_^fcY q fecd \nefd \^f d^ Y _`\^_ \ddY_ g i^fje`h \_^efd ] ec` `YZefd_`c^`Y
b

 Zec`p Yd l mecd \nefd g\fd cf ]`Yh ^Y` _Yh]d `YZefd_`c^_ cfY Zec`p Y o ]\`_^` gYd geffkYd
h eÏYffkYd vne^` usc`Y 2
Å3 1
c lx l













^fcdeÒgY `YZefd_`c^_Y ]\` Ï e`][e
î
YfdY
XY__Y Zec`p Y h eÏYffkY \gh Y_ cfY Y``Yc` gY aefscYc` gY
2.69.10−2%
q cfY Y``Yc` gY
] ed^_^ef saep\aY gY
1.64%





mecd \nefd ks\aYh Yf_ `YZefd_`c^_ aYd b

 Zec`p Yd o ]\`_^` gYd geffkYd q e fecd \nefd
Z\aZcak ZYd _`e^d Y``Yc`d q fecd aYd neÏefd g\fd a\ usc`Y 2
Å3 1
c l l






Erreur de longueur en %






Erreur de position totale de la courbe en %












``Yc`d gY `YZefd_`cZ_^ef gc s\p\`^_ Î
mecd Ï \nefd \cdd^ `Y]`kdYf_k aYd n\aYc`d h ^f^h \aYd Yf `ecsY Y_ aYd n\aYc`d h eÏYffYd
Yf nY`_ l mecd neÏefd \^fd^ bcY aYd Zec`p Yd ep_YfcYd ef_ _ec_Yd gY _`td j\^p aYd Y``Yc`d gY
aefscYc` vcfY h eÏYffY gY
0.024%
x q \^fd^ bcY gYd Y``Yc`d \ddY_ j\^p aYd ] ec` a\ ] ed^_^ef
saep\aY v
1.7%
gY h eÏYffYx Y_ a iY``Yc` gY  \cdge`) v
4%
gY h eÏYffYx l
XYd `kdca_\_d h ef_`Yf_ bcY fecd ep_Yfefd gY p efd `kdca_\_d h \as`k gYd geffkYd `kYaaYd




\ h k_[egY gY `YZefd_`cZ_^ef gY
Zec`p Yd ]a\fYd Yd_ gefZ \g\]_kY o ZY dÏd_th Y gY Z\]_c`Y gY je`h Y l
XYd Y``Yc`d def_ \ZZY]_\paYd ] ec` ZY`_\^fYd \]]a^Z\_^efd h \^d fecd ] ecnefd \ne^` p Yy
de^f g i	_`Y ]acd ]`kZ^d g\fd g i\c_`Yd Z\d l Î Yd \h ka^e`\_^efd def_ \ae`d o Yfn^d\sY` ] ec` aY
dÏd_th Y Ñ \csh Yf_Y` a\ gYfd^_k gYd Z\]_Yc`d Yd_ cfY ] edd^p ^a^_k l
4(9
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 ôöﬁ÷þõü ûü ùþÔüüú÷ ûü ùþõüý
Ò
eÏefd o ]`kdYf_ aYd `kdca_\_d bcY fecd ep_Yfefd ae`d gc dc^n ^ gY gkje`h \_^efd gY
Zec`p Yd l mecd \aaefd gkZ`^`Y gYd h ecnYh Yf_d \nYZ aY `cp\f l mecd gYn`efd \ae`d dc^n`Y
a ikneac_^ef gY d\ je`h Y \c Zec`d gc _Yh]d l mecd `\]] Yaefd bcY fecd gYnefd j\^`Y gYd h ecy
nYh Yf_d f i\Ï\f_ \cZcfY \ZZkak`\_^ef ]`e]`Y q Z\` aYd Z\]_Yc`d \ZZkak`eh t_`Yd jec`f^`\^Yf_
\ae`d fef ]acd gYd ^fje`h \_^efd dc` aYc` e`^Yf_\_^ef q h \^d cfY ^fje`h \_^ef geff\f_ \cdd^
a i\ZZkak`\_^ef gc hecnYh Yf_ Ñ aYd h ecnYh Yf_d bcY fecd j\^defd \nYZ aY `cp\f def_ \ae`d
gYd h ecnYh Yf_d \ddY_ aYf_d l
mecd \aaefd Zeh]\`Y` aYd gYc hk_[egYd bcY fecd \nefd gknYae]] kYd Ñ de^_ fecd \aaefd
`YZefd_`c^`Y o Z[\bcY ]\d gY _Yh]d a\ Zec`p Y ZehhY d^ fecd fY Zeff\^dd^efd ]\d d\ je`h Y
\c _Yh]d ]`kZkgYf_ q de^_ fecd \aaefd c_^a^dY` a\ h k_[egY gY gkje`h \_^ef gY Zec`p Yd l mecd
\aaefd _ec_ g i\p e`g ne^` aYd `kdca_\_d ] ec` g^nY`d YYh]aYd gY Zec`p Yd ]a\fYd q ]c^d fecd





&ec` aY ]`Yh ^Y` _Yd_ q fecd gkje`h efd aY `cp\f gY j\ﬃef o Z`kY` cfY dc^_Y gY
c ^h \sYd l
Ð
\ Zec`p Y ^f^_^\aY Yd_ Z`kkY o ]\`_^` gY a i\ase`^_[h Y gY p\dY vo ]\`_^` gYd gefy
fkYd _\fsYf_^YaaYd dYcaYh Yf_ Y_ \nYZ a\ h k_[egY g i^f_Y`] ea\_^ef gYd \fsaYdx l mecd c_^a^defd
\^fd^ c  je^d a i\ase`^_[h Y gY gkje`h \_^ef gY Zec`p Yd l mecd \aaefd ne^` ^Z^ gYd Zeh]\`\^defd
n^dcYaaYd Ñ g\fd aY _\paY\c /
Ä0 1
c l fecd neÏefd g^)k`Yf_Yd k_\] Yd gY a\ gkje`h \_^ef q e a\
Zec`p Y paYcY Yd_ ZYaaY ep_YfcY \nYZ a\ h k_[egY g i^f_ks`\_^ef q Y_ a\ nY`_Y Yd_ ep_YfcY \nYZ
a\ h k_[egY gY dc^n ^ gY gkje`h \_^ef l
ÐÊÉ Â¿ÉÈÄÉ Á0ÊÆÈÉ
4(Í










 Image 2 sur 52










 Image 5 sur 52










 Image 11 sur 52










 Image 15 sur 52










 Image 20 sur 52










 Image 26 sur 52










 Image 30 sur 52




















¿Ä ÅÉÄ ÅÁÆÉ ÊË«ÆÁÁ3 Å¬ÈÊÉ
mecd ep_Yfefd n^dcYaaYh Yf_ gYc j\h ^aaYd gY Zec`p Yd _`td ]`eZ[Yd aYd cfYd gYd \c_`Yd l
%uf gY Zeh]\`Y` ZYd gYc hk_[egYd q fecd \nefd Z\aZcak aYd Y``Yc`d gY aefscYc` q gY ] ed^y
_^efd gY Z\]_Yc`d q gY ] ed^_^ef saep\aY Y_ gY  \cdge`) g icfY h k_[egY ]\` `\]] e`_ o a i\c_`Y l











x 10−3 Erreur de longueur totale en %






Erreur de positions des capteurs en %







Erreur entre les 2 courbes en %












``Yc`d gc _Yd_  gY gkje`h \_^ef gY Zec`p Y ]a\fY
mecd ] ecnefd `Yh \`bcY` ]acd^Yc`d j\^_d o ]\`_^` gY ZY _Yd_ l
ª
ec_ g i\p e`g q aYd Y``Yc`d
def_ _ecð ec`d _`td j\^p aYd gefZ fecd ] ecnefd Zefd^gk`Y` bcY aYd gYc hk_[egYd def_ gc
h 	hY e`g`Y gY d\_^dj\Z_^ef l ÎY ]acd q aYd Y``Yc`d def_ aYd ]acd kaYnkYd ae`dbcY a\ Zec`p Y \
cfY je`h Y \ddY_ edZ^aa\f_Y vaYd Y``Yc`d h \ ^h \aYd dY d^_cYf_ ] ec` a i^h \sY
15
q e fecd neÏefd
a\ uf gYd gYc Zec`p Yd d ikae^sfY`x l Ï \^d aYd Zec`p Yd \``^nYf_ o `Y_`ecnY` cfY je`h Y ]`eZ[Y
\]`td d i	_`Y Yae^sfkYd Ñ fecd f i\nefd ]\d gY ]`epath Y gY g^nY`sYfZY l
Ò
eÏefd aYd `kdca_\_d





Y gYc ^th Y _Yd_ h ef_`Y cfY dk`^Y gY 

 ^h \sYd e fecd Yf`ecaefd aY `cp\f
dc` ac ^yh 	hY Y_ fecd aY gk`ecaefd Yfdc^_Y l
Ò
eÏefd aYd `kdca_\_d ep_Yfcd o ZY`_\^fYd k_\] Yd
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Yd_  gY gkje`h \_^ef gY Zec`p Yd ]a\fYd \nYZ Ï e`][e
î
YfdY
mecd neÏefd aYd gYc Zec`p Yd dc^n`Y aY h 	hY hecnYh Yf_ gY gkje`h \_^ef l mecd Z\aZcy
aefd aYd Y``Yc`d Yf_`Y aYd gYc Zec`p Yd o Z[\bcY ]\d gY _Yh]d q aYd `kdca_\_d def_ `Y]`kdYf_kd
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Erreur de longueur totale en %
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Erreur entre les 2 courbes en %













``Yc`d gc _Yd_  gY gkje`h \_^ef gY Zec`p Y ]a\fY
mecd ep_Yfefd gY j\^p aYd n\aYc`d ] ec` aYd bc\_`Y Y``Yc`d Z\aZcakYd q gY a ie`g`Y gY
10−2%




Yf ZY bc^ ZefZY`fY aYd Y``Yc`d gY ] ed^_^efd gYd Zec`p Yd
Yf_`Y YaaYd l mecd ] ecnefd Yf ZefZac`Y bcY aYd gYc hk_[egYd geffYf_ gY p effYd `YZefdy
_`cZ_^efd gYd Zec`p Yd ]a\fYd Yf gkje`h \_^ef l
Ò
eÏefd o ]`kdYf_ ZY bcY fecd ep_Yfefd ] ec`
aYd Zec`p Yd s\cZ[Yd l
É
µ¼ÀÆ¸ Å½¼¾×¸
mecd gkje`h efd o ]`kdYf_ aY `cp\f g\fd a iYd]\ZY l mecd ep_Yfefd cfY
dkbcYfZY gY cc ^h \sYd l mecd \]]a^bcefd Yf ]\`\aataY a\ h k_[egY gY gkje`h \_^ef Y_ a\
h k_[egY bc^ ^f_Y`] eaY a\ gk`^nkY dc` a\ d][t`Y Yf Z[\bcY ]\d gY _Yh]d l mecd ep_Yfefd
\^fd^ gYc Zec`p Yd deac_^efd o Z[\bcY k_\] Y bcY fecd ] ecnefd Zeh]\`Y` l
Ò
e^Z^ bcYabcYd




ef_ _`\ZkYd Yf paYc aYd
Zec`p Yd ^ddcYd gY a\ h k_[egY g i^f_Y`] ea\_^ef dc` a\ d][t`Y Y_ Yf nY`_ ZYaaYd ep_YfcYd ]\`
a\ h k_[egY gY gkje`h \_^ef vfecd _`\ﬃefd ks\aYh Yf_ aYd ]`eð YZ_^efd dc` aYd _`e^d ]a\fd
















































































































































Yd_ gY gkje`h \_^ef gY Zec`p Yd s\cZ[Yd \nYZ Ï e`][e
î
YfdY
mecd Zeh]\`efd aYd Zec`p Yd ep_YfcYd Yf Z\aZca\f_ aYd Y``Yc`d gY aefscYc` q gY ] ed^y
_^efd gYd Z\]_Yc`d q \^f d^ bcY a iY``Yc` saep\aY gY ] ed^_^ef Y_ ZYaaY gY  \cdge`) vne^` usc`Y
2
Å3 1
c l x l
4(
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x 10−3 Erreur de longueur totale en %






Erreur de positions des capteurs en %







Erreur entre les 2 courbes en %













``Yc`d gc _Yd_ gY gkje`h \_^ef gY Zec`p Y s\cZ[Y
XYd Zec`p Yd g iY``Yc` h ef_`Yf_ gY _`td p efd `kdca_\_d vY``Yc`d ^fjk`^Yc`Yd \c ] ec`ZYfy












Yd \ase`^_[h Yd gY `YZefd_`cZ_^ef gY Zec`p Yd ]a\fYd Y_ Zec`p Yd s\cZ[Yd ef_ k_k ^h]aky
h Yf_kd g\fd cf Yfn^`effYh Yf_
k
\n\ q \uf g ic_^a^dY` aY `cp\f Ï e`][e
î
YfdY Yf _Yh]d `kYa l
%
^fd^ q fecd ] ecnefd j\^`Y p ecsY` aY `cp\f Y_ ne^` cf `cp\f n^`_cYa dc^n`Y Yf _Yh]d `kYa aYd
h 	hYd h ecnYh Yf_d l
Ò
eÏefd bcYabcYd ^h \sYd ^aacd_`\f_ ZY aes^Z^Ya Y_ a\ `YZefd_`cZ_^ef gY




e fecd neÏefd aY `cp\f `kYa q Y_ aY `cp\f n^`_cYa










eÏefd o ]`kdYf_ aYd `kdc a_\_d bcY fecd ep_Yfefd ] ec` a\ `YZefd_`cZ_^ef gY dc`j\ZY l
¦ +, +, §çí íÙ¨çí
Î\fd ZY__Y ]\`_^Y q fecd \aaefd ðcd_Y h ef_`Y` aYd ]`Yh ^Y`d `kdca_\_d bcY fecd ep_Yfefd
dc` cf YYh]aY Ñ fecd \c`efd \ae`d dYcaYh Yf_ gYd `kdca_\_d n^dcYad l &ec` a\ `YZefd_`cZ_^ef
gY dc`j\ZYd q fecd \aaefd ]a\ZY` aY `cp\f Ï e`][e
î
YfdY Yf g^)k`Yf_d Yfg`e^_d gY a\ dc`j\ZY q
g\fd a\ h 	hY g^`YZ_^ef q Y_ fecd \]]a^bcefd \ae`d fe_`Y \ase`^_[h Y gY `YZefd_`cZ_^ef gY
dc`j\ZYd o ]\`_^` gY `cp\fd ^fd_`ch Yf_kd g\fd cfY dYcaY g^`YZ_^ef l
mecd ]`Yfefd ZehhY dc`j\ZYd _Yd_d ZY`_\^fYd ]\`_^Yd g icf Ze) `Y gY _e^_ l
Ú
üý÷ Û
mecd Ydd\Ïefd g\fd cf ]`Yh ^Y` _Yh]d gY `YZefd_`c^`Y a\ ]\`_^Y \n\f_ gc Ze) `Y l mecd









ÎYn\f_ gc Ze) `Y gY _e^_
&c^d fecd aY gkZ\aefd v\c ]ed^_^efd fe_kYd dc` a\ dc`j\ZYx \uf g iep_Yf^` c Zec`p Yd l
mecd c_^a^defd ks\aYh Yf_ aYd geffkYd gYd c Z\]_Yc`d gY gk]\`_ gY ZYd Zec`p Yd \uf gY Z`kY`
cf d^ ^th Y `cp\f n^`_cYa gef_ fecd Zeff\^ddefd a\ `k]\`_^_^ef gYd Z\]_Yc`d Yf h Ydc`\f_
aYd g^d_\fZYd `Ya\_^nYd Y_ aYd geffkYd _\fsYf_^YaaYd Yf ]`Yf\f_ aYd geffkYd fe`h \aYd gY ZYd
Z\]_Yc`d Ñ fecd Z`kefd \ae`d ks\aYh Yf_ ZY `cp\f g\fd a\ g^`YZ_^ef e`_[esef\aY Y_ ^a fecd
] Y`h Y_ gY d^_cY` aYd c \c_`Yd `cp\fd aYd cfd ]\` `\]] e`_ \c \c_`Yd l
%
uf gY Z`kY` a\ dc`j\ZY q fecd gYnefd Zefd_`c^`Y aY `kdY\c gY Zec`p Yd Zeh]aY_ q fecd
aYd Z`kefd dec` je`h Y gY  Y`h ^_Y ZehhY Y]a^bck g\fd a\ ]\`_^Y ZefZY`fkY l &c^d fecd
gkuf^ddefd a\ dc`j\ZY deac_^ef ]\` aYd ]\_Z[d gY Xeefd l
Ð
Yd `kdca_\_d n^dcYad def_ `Y]`kdYf_kd dc` a\ usc`Y 2
Å3 1
c lb q fecd neÏefd o s\cZ[Y aYd
c Zec`p Yd Zeae`kYd geffkYd ]\` aYd `cp\fd Y_ aY `Yd_Y gc `kdY\c vfecd Zec]efd aYd Zec`p Yd





kdY\c Y_ dc`j\ZY `YZefd_`c^_Y
XYd ]`Yh ^Y`d `kdca_\_d h ef_`Yf_ a\ j\^d\p^a^_k gY a\ h k_[egY q o d\ne^` a\ `YZefd_`cZ_^ef





&ec` aY gYc ^th Y _Yd_ q fecd Ydd\Ïefd gY `YZefd_`c^`Y a\ ]\`_^Y bc^ Zeh]e`_Y gY je`_Yd








``^t`Y gc Ze) `Y gY _e^_
mecd `YZefd_`c ^defd ^Z^ aY h e`ZY\c gY dc`j\ZY o ]\`_^` gY gYc Zec`p Yd ] a\ZkYd g\fd a\
g^`YZ_^ef h ef_`kY dc` a\ ][e_e ]`kZkgYf_Y l
Ð
Yd `kdca_\_d def_ n^d^p aYd dc` a\ usc`Y 2
Å3 1
c l q
e fecd neÏefd cf h egtaY fch k`^bcY gc Ze) `Y Y_ a\ dc`j\ZY `YZefd_`c^_Y o ]\`_^` gYd gYc





Xec`p Yd Y_ dc`j\ZY `YZefd_`c^_Yd o ]\`_^` gc ]`e_e_Ï] Y
mecd neÏefd g\fd ZY_ YYh]aY bcY aYd gYc Zec`p Yd fe^`Yd h ef_`Yf_ p^Yf aYd n\`^\_^efd
gY je`h Y gY a\ dc`j\ZY Ñ ^a Yf gkZecaY bcY a\ dc`j\ZY `YZefd_`c^_Y \ cfY je`h Y bc^ _^Yf_
Zeh]_Y gY ZYd n\`^\_^efd l
49








Yd \n\fZkYd _YZ[feaes^bcYd def_ o a ie`^s^fY gc _`\n\^a _[ke`^bcY gY a\ _[tdY q Y_ cfY
`kYaaY ^f_k`\Z_^ef \ k_k fkZYdd\^`Y ] ec` h YfY` o p ^Yf aYd g^)k`Yf_Yd k_\] Yd g\fd ZYd gYc
geh \^fYd vfecd neÏefd Yf ]\`_^Zca^Y` dc` aY ]`epath Y gYd dc`j\ZYd bcY aYd gknYae]] Yh Yf_d
_YZ[feaes^bcYd Y_ _[ke`^bcYd def_ ^fg^ddeZ^\paYdx l
XY__Y ]\`_^Y fecd \ ] Y`h ^d gY gk_\^aaY` aY _`\n\^a _YZ[feaes^bcY `k\a^dk Yf ]\`\aataY gY
ZY__Y _[tdY l Î \fd cf ]`Yh ^Y` _Yh]d q fecd \nefd gkZecnY`_ aYd Z\]_Yc`d g ie`^Yf_\_^ef `k\y
a^dkd \c
Ðrª
ò q Y_ fecd \nefd gk_Y`h ^fk a\ j\ﬃef gef_ fecd ] ecn^efd ep_Yf^` aYd geffkYd
_\fsYf_^YaaYd gef_ fecd \n^efd p Yde^f ] ec` c_^a^dY` fed \ase`^_[h Yd gY `YZefd_`cZ_^ef l
ñ
f
]`e_e_Ï] Y \ \ae`d k_k `k\a^dk o ]\`_^` gY ZYd ZefZacd^efd l
med \ase`^_[h Yd ef_ \^fd^ ]c 	_`Y Zefj`ef_kd \c geffkYd `kYaaYd gYd Z\]_Yc`d l
ñ
f ]`Yy
h ^Y` `kdca_\_ ] ed^_^j \ k_k gY ne^` gYd `YZefd_`cZ_^efd gY Zec`p Yd o ]\`_^` gc gkh efd_`\_Yc` q
Y_ h ef_`\^_ \^fd^ a\ j\^d\p^a^_k g icfY _YaaY \gkbc\_^ef Yf_`Y aYd \ase`^_[h Yd Y_ ZY dÏd_th Y
gY Z\]_c`Y gY je`h Y l mecd \nefd Yfdc^_Y Z[Y`Z[k o Z\`\Z_k`^dY` a\ bc\a^_k gYd Zec`p Yd epy
_YfcYd \nYZ a\ Z`k\_^ef g icf s\p\`^_ q e fecd ] ecn^efd \^fd^ Zeh]\`Y` bc\f_^_\_^nYh Yf_
a\ Zec`p Y ]a\fY o `YZefd_`c^`Y Y_ a\ Zec`p Y ]a\fY `YZefd_`c^_Y Ñ fecd h ef_`^efd \ae`d gYd
Y``Yc`d saep\aYd gY ] ed^_^ef gY h e^fd gY
2%
Yf h eÏYffY q ZY bc^ ] Y`h Y__\^_ gY n\a^gY` fed
h k_[egYd dc` ZY ]`Yh ^Y` ]`e_e_Ï] Y l
mecd \nefd Yfdc^_Y _Yd_k fed g^)k`Yf_d \ase`^_[h Yd dc` ZY ]`e_e_Ï] Y q o d\ne^` a\ `YZefdy
_`cZ_^ef gYd Zec`p Yd s\cZ[Yd vbc^ c_^a^d\^_ \ae`d _ecd aYd Z\]_Yc`d gc `cp\f x q Y_ aYd dc^n ^d
gY gkje`h \_^ef gY Zec`p Yd ]a\fYd Y_ s\cZ[Yd q h \^d ZYZ^ YZac d^nYh Yf_ g\fd cf \d] YZ_ bc\y
a^_\_^j q o d\ne^` bcY fecd f i\n^efd ]\d a\ je`h Y `kYaaY gc `cp\f o _ec_ h eh Yf_ ] ec` k_cg^Y`
`kYaaYh Yf_ a\ bc\a^_k gYd `YZefd_`cZ_^efd l
Ð
Yd \ase`^_[h Yd ef_ Yfdc^_Y k_k ] e`_kd Yf ZegY
k
\n\ q \uf g iep_Yf^` cf gkh efd_`\_Yc` _Yh]d `kYa gY gkje`h \_^efd gY Zec`p Yd l
r
fuf q fecd \nefd j\^_ gYd ]`Yh ^Y`d _Yd_d gY `YZefd_`cZ_^ef gY dc`j\ZYd o ]\`_^` gY ZY
`cp\f q Yf a i\]]a^bc\f_ Yf g^)k`Yf_d Yfg`e^_d gY a\ dc`j\ZY o `YZefd_`c^`Y Y_ Yf c_^a^d\f_ a\
h k_[egY gY `YZefd_`cZ_^ef o ]\`_^` g icfY j\h ^aaY gY `cp\fd ^fd_`ch Yf_kd g\fd a\ h 	hY
g^`YZ_^ef l
Ð
Yd `kdca_\_d h ef_`Yf_ ] ec` a i^f d_\f_ a\ j\^d\p^a^_k g icf _Ya ]`eZYddcd gY `YZefdy
_`cZ_^ef l
XYd `kdca_\_d h ef_`Yf_ \cdd^ a\ fkZYdd^_k gY _ecð ec`d Zefj`ef_Y` a\ h k_[egeaes^Y g ic_^y
a^d\_^ef gYd Z\]_Yc`d \nYZ aYd ] e_Yf_^\a^_kd _[ke`^bcYd Y_ \ase`^_[h ^bcYd q \uf gY _`ecnY` aYd
h Y^aaYc`d Z[e^ gY gknYae]] Yh Yf_d Zehhcfd l
ñ
f gY`f^Y` ] e^f_ gef_ fecd \nefd ] Yc ]\`ak ZefZY`fY a i\d] YZ_ gYd ]`ky_`\^_Yh Yf_d gYd
geffkYd l òad ] YcnYf_ 	_`Y gY ]acd^Yc`d e`g`Yd Ñ _`ecnY` gY h Y^aaYc`Yd jefZ_^efd gY h ka\fsY
] ec` ep_Yf^` aYd geffkYd _\fsYf_^YaaYd ]acd u\paYd q ka^h ^fY` gYd geffkYd Y``efkYd q h eg^uY`
aYd geffkYd gYd Z\]_Yc`d Yf _Yf\f_ Zeh]_Y gY aYc` ]`kZ^d^ef q ec p^Yf g\fd cfY \c_`Y g^`YZy
_^ef _Yf^` Zeh]_Y gYd ] Y`_c`p\_^efd gYd Z\]_Yc`d \uf g iY _`\^`Y aYd geffkYd _\fsYf_^YaaYd
v]\` YYh]aY g\fd aY Z\d gYd \ZZkak`eh t_`Yd q ^ad fY geffYf_ aYc` ]`e]`Y e`^Yf_\_^ef ]\` `\]y
] e`_ \c Z[\h] s`\n^_\_^effYa bcY g\fd aY Z\d e aYd h ecnYh Yf_d \]]a^bckd \c dÏd_th Y def_
gÁÆËÈÉÅÁÆ
4Í
o \ZZkak`\_^ef ]`e]`Y fcaaY Ñ g\fd aY Z\d e aYd h ecnYh Yf_d dY`\^Yf_ dech ^d o cfY \ZZkak`\y
_^ef q fecd gYnefd \ae`d Y_`\^`Y ZY__Y \ZZkak`\_^ef ] ec` ep_Yf^` a i^fje`h \_^ef _\fsYf_^YaaY
`YZ[Y`Z[kYx l X iYd_ cf _`\n\^a g iYfnY`sc`Y q Yf h \`sY gY ZY _`\n\^a ]c`Yh Yf_ _[ke`^bcY q h \^d
bc^ dY`\ fkZYdd\^`Y d^ aYd _YZ[feaes^Yd ge^nYf_ 	_`Y c_^a^dkYd \nYZ cfY s`\fgY u\p^a^_k l
Ý{ Þzß Ł{  à  x á ÞŁâ  
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